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1.  Reaction  of  l-)>romo— 1,1-dloltroethane  and  sodliun  dletbyl  oalonate  in 
absolute  ethanol  at  5“10“  yields  sodium  1,1-dlnltroetheuie  (7^)>  tetraethyl 
ethane  1,1,2,2-^etracarboxylate  (66j()  and  sodium  bromide  (100^) . Piperidine 
and  1-cbloro— 1,1-dinltroethane  in  anhydrous  ether  at  room  temperature  react 
to  give  plperldlnlum  1,1-dlnltro ethane  (48.656),  plperldlnlum  chloride  (20. 656), 
1-chloro— 1,1-dinltroethane  (6.556,  recovery)  and  \inidentifled  products.  It  Is 
concluded  that  the  principal  reaction  of  organic  bases  with  l-halo™l,l“di- 
nltroalkanes  results  In  displacement  on  '’positive"  halogen  rather  than  on 
"positive"  nltro  grotips  or  in  elimination  of  nitrous  acid. 

2.  Homogeneous  reaction  of  silver  l,l>41nliroe thane  and  silver  1,1— dl- 
nitropropane  with  ortho-nitrobenzene  sulfenyl  chloride  In  acetonitrile  at 
10-30®  results  In  formation  of  ortho-nitrophenyl  1,1-dlnltroethyl  sulfide 
and  o;i;ho-nltrophenyl  1,1-dlnltropropyl  sulfide,  readily  crystalllzable 
solids.  In  excellent  yields.  This  reaction,  an  extension  of  that  of 
Kharasch,  is  excellent  for  preparing  solid  derivatives  uf  l,l‘-dlnltroalkanes. 

0- Nltrobenzenesulfenyl  chloride  has  been  found  to  offer  advantage  over  2,4'— 
dlnltrobenzenesulfenyl  chloride . 

3.  l-4fethoxy-2-nltrobutane  was  prepared  In  5756  yield  by  reaction  of  meth- 
anol and  2-nltro— 1-butene,  catalyzed  by  sodium  methoxlde;  oxidative  nitration 
of  l-methoxy-2-nitrobutane  yielded  l-ffiethoxy-2,2-dlnitrobutane  (8756).  Ani- 
line and  2-^iltro— 1-butene  react  to  give  2-nltro— 1-phenylamlnobutane  (7056); 
2,2-dlnltro-l-phenylanlnobutane  (45y,  Isolated  eis  the  hydrochloride)  was 
prepared  by  oxidative  nitration  of  2-nitro-l-phenylamlnobutane . Reaction 

of  2-nltro— 1-butene  and  ctbanethlol,  catalyzed  by  sodium  methoxlde,  yielded 
ethyl  2-nltro-l-butyl  thloether  (84^);  oxidative  nitration  of  ethyl  2-nltro— 

1- butyl  thloether  to  ethyl  2,2-dinitro-l-butyl  thloether  was  imsuccesaful. 

Oxidative  nitration  of  4-ultropentanal  and  1,1,1,2,2,3,5-heptafluoro- 
5*<Jltroheptane  resulted  In  4,4-dlnltropentanal  (6256)  and  1, 1,1, 2,2,3 ,3-hept- 
erfluoro-5,5^1nltroheptane  (795^) » Reaction  of  1-bromo-C— phenyletbane  and 
silver  nitrite  yielded  l-nltro-2-phenylethane;  l,l-dlnltro-2-phenylethane 
(55/^)  prepared  by  reaction  of  sodium  1-nltro^-phenylethane,  Bodl\am 
nitrite  and  silver  nitrate.  The  physical  properties  of  potassium—  or  of 
sliver  l,l-dlnltro-2— phenyletbane  have  been  determined.  Oxidative  nitration 
of  cltrocyclopentaue,  2,2-dlmethyl—l— nitropropane  and  cyclohexylnltromethane 
produced  dlnltrocyclopentane  (5656)  2,2-dlmetbyl-l,l-dlnltropropane  (5^56, 
Improved  yield),  euid  cyclohexyldinitromethane  (7C^,  Improved  yield),  respect- 
ively. Ethyl  3-nltrobutyrate  (1456)  was  synthesized  by  reaction  of  silver 
nitrite  and  ethyl  3-^romobutyrate;  ethyl  5 ,3-dinitrobutyrate  (3^)  *»-'ae  pro- 
duced upon  oxidative  nitration  of  ethyl  3-nltrobutyrate. 

4.  Condensation  of  nltromethane  and  fluoral  hydrate  resulted  In  1,1,1- 
tjrlfluor-o-3--nltro-2-proi)anol  (8356);  conversion  of  1,1,1— tr If luoro-3-nltro— 
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2-^ropanol  to  J-nltro— 1,1,1— tririuoro-2-propyl  ecetate  was  effected  In  ex- 
cellent yield  by  reaction  with  acetic  smbydrlde  and  sulfuric  acid.  3>3>3— 
Trlfluoro— 1-nltropropene  (47^)  was  prepared  by  heatltig  mixtures  of  phthallc 
anhydride  and  l.l,l-trlfluoro-3-nltro-2-propanol.  l-4Iltro-e-trirxuoromexhyl- 
2-propanol  (535^)  was  obtained  upon  condensation  of  nitromethane  and  1,1,.  1- 
trifluoroacetone  in  the  presence  of  potassium  carbonate. 


5.  A study  has  been  made  of  selective— reduction  of  conjugated  nitroalkenes 

with  sodium  trimethoxyborohydride  in  ethyl  ether— tetrahydrofuran  at  -4o  to 
—70°.  The  compounds  which  have  been  reduced  are:  (1)  1-nltropropene,  (2)  2— 
nltro— 1-butene , (3)  2-nitro-e-butene,  (4)  omegar^lltrostyrene,  (5)  4-nitvo-J— 
heptene,  (6)  3 >3 >3'-trichloro-l-nitropropene , (7)  5>5>^>6,7,7>7-beptaflucro— 

3-nitro-^5-heptene  and  (8)  4,4,5,5>'^>6#6^eptafluoro-2-nitro-2-hexene.  Tho 
products  which  have  been  obtained  are:  (l)  l^iltropropane  (81.7?^)  and  2- 
methyl— 1,3-dlnitropentane  (11.4^),  (2)  2-nitrobutane  (45?t)  and  3-Dethyl-5 , 5- 
dinitrobcptane  (35^)  > (3)  2-^itrobutane  (62.6^)  and  3>4^1methyl-2,4-dlnitro- 
bexane  (11.4^),  (4)  i-nltro-2-phenylcthane  and  l,3-dlnitro-2,4-dl- 

phenylbutane  (presumably  as  two  racemates),  (5)  4— nltroheptane  (551^)  ^ (6) 
1,1,1— trlchloro-3—nitropropane  (44.25#)  1,1,1— trichloro-3>5“dini'tro-4—tri- 

chloromethylpentane  (32.15^),  (7^  1,1,1,2,2,3,3-beptafluoro— 5— nltroheptane 
(91?#)  and  (8)  1,1,1,2,2,3,3-bepbafluoro— 5-«itrohexane  (845^).  3“Methyl-3 , 3~ 
dlnltrobeptane,  l,l,l,2,2,3,3“bep‘tafluoro-5-nitroheptane  and  1,1,1,2,2,3,3“ 
heptafluoro-5-nitrohexaue  were  further  Identified  as  the  2,4-dinitrophenyl— 
hydrazones  of  5-methyl- 5-nitro-3-heptanone,  5>5>6#6,7,7,7-heptafluoro-3-hept- 
ancne  and  4,4,5,5>6>6,6-lie?tafluoro-2-hexanc'ne.  1, 3-J)inltro-? ,4-diphenyl— 

butane  was  prepared  also  by  Michael  reaction  of  onega-«itrostyrene  and  1- 
nltro-2-phenylethane . 

4-I^itro-3*b€?tone  was  synthesized  by  the  following  sequence:  (l)  con- 
densation of  propanol  and  1-nitrobutane  in  sodium  hydroxide  to  yield  4~aitro- 
3-heptanol  (775^) ^ (2)  conversion  of  4— nitro-3-*eptanol  to  3~*cetoxy-4— nitro- 
heptane  (09^<)  by  reaction  wltii  acetic  anhydride,  and  (3)  reaction  of  3— 
aceto2y-4-nitroheptane  with  sodium  acetate  to  give  4— nitro-5-heptene  (72. 85^), 

6.  The  s.’lective— reduction  of  the  carbon-carbon  double  bond  of  conjugated 
nitroolefins  with  lithliim  borohydride  in  ethyl  ether  and  tetrahydrofuran  has 
been  investigated  at  -70  to  -6o°.  The  conjugated  nitroolefins  which  have 
been  studied  are:  (1)  1-nitropropene , (2)  2-nitro— 1-butene , (3)  4— nitro-3— 
heptene,  (4)  3 ,3 #3-trichlorc— 1-nitropropene,  (5)  5#5#6,6,7,7>7-heptafluoro-3— 
nicro-3-beptene,  and  (6)  4,4,5,5,6,6-heptafluoro-2-nitro-2-hexene.  The  re- 
duction products  and  yields  in  these  systems  are:  (1)  1-nitropropane  {k9,9f>) 
and  2-methyl-l,3-dinltropentane,  (2)  2-nitrobutane  (59*3?»)  and  3^ethyl-3,5~ 
dlnitroheptane  (14.25&),  (3)  4-nitrobeptane  (65^),  (4)  1,1,1— trichloro-3- 
nitropropane  (48.35^),  (5)  l,l,l,2,2,3#3”bwp'^Tluorc— 5-pltroheptane  (91^)  and 
(6)  1,1,1,2,2,3,3-bepbafluoro— 5“«itrohexane  (BY.Sjfa),  The  structures  of  the 
reew:tion  products  were  assigned  on  the  bases  of  quantitative  and  infrared 
analyses,  chemical  properties,  and  conversion  to  appropriate  derivatives. 


7.  A study  has  been  initiated  of  the  effectiveness  of  lithium  aluminum 
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hydride  for  selectively  reducing  the  conjugated  carbon— carton  double  bond  of 
oc , B-nitroalkenes ; the  reactions  are  effected  upon  addition  of  solutions  of 
tb<.'  vil trnolpf'-fn  <n  ptbyl  «>t>ipr— ti^trabydrofufnr*  to  lithiuE  aluninum  hydride 
in  ethyl  ether— tetrahydrof’rran  at  —70°.  Reduction  of  5,5^")— tricbioro-ri-  I’llro- 
propene  yielded  I,l,l-trichloro-^5-nltropropane  (43.6?>);  reduction  of  3,'.’^.^- 
7 ,7 #7-heptafluoro-3-<iltro-3-*eptene  gave  l,l,l,2,2,3j5-heptafluoro-5-nitro- 
heptane  (85.3^). 

8.  Sodium  borohydrlde  in  ethanol  has  been  found  to  be  an  effective  ro:. 
for  reducing  conjugated  nltroalkenes  to  nitroalkanes . B-Jrabo-tetraacet::'  y - 
1-nitrohexene  beta  been  reduced  to  l-nitrc>-1.2-dideoxy— D-%3-:ebo-:-hexitol  tu'.r-:  - 
acetate  in  63. yield  v/ith  sodium  borohydride-ethanol  at  -0°,  Hetercgenoc/i  0 
reduction  of  5*5,6,6,7,7,7-heptafluoro-3-^iitro-3-heptene  with  sodium  bor  > 
hydride  in  ethyl  ether— tctrahydi'ofuran  was  unsuccessful. 
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1.  HSACtION  of  1-BR(M)-1,1-DINI'I®0ETHABE  and  SODITM  diethyl  MAIiONATE_i 
POHMA'^’ION  OF  SODILM  1.1-DiHITROErHANE  AND  TETRAETHYL  ETHANE- 

1.1. ^-tetraCahboxylate  . 

1,1,1-Trinitroethane  has  been  found  to  undergo  tvo  general  reactions^ 
in  the  presence  of  bases:  (l)  elimination  of  nitrous  scid  from  1,1,1- 
trinit  roethane  by  attack  of  one  equivalent  of  the  base  to  give  1,1- 
dlnltroethylene  as  a possible  intermediate  (Equations  l);  subsequent 
addition  of  the  base  to  "1,1-dlnltroethylene"  yields  the  corresponding 
beta- substituted  derivative  of  salts  of  1,1-dinitroethane,  and  (2)  attack 
of  the  base  on  1,1,1-trinltroethane  resulting  in  removal  of  a "positive 
nltro  group"  and  yielding  a salt  of  1,1-dlnltroettene;  subsequent 
reaction  of  the  base  vlth  the  intermediate  derived  from  interaction  of 
the  base  and  the  nltronlum  group  may  result  in  displacement  to  give 
nitrite  ion  and  the  product  derivable  from  oxidative-Coupling  of  two  of 
the  basic  anions  (Equations  2). 


n'm"^ 

+ CH3-C(H02)3— • 

R-H  + M'^NOa"  + CHa  =0(1*02)2 

(1) 

E'M"^ 

+ CH2=C(N02)s- 

»-B-CH2-C(N02)2“M+ 

(1) 

B-M+ 

+ QH3-C(N0g )3— ■ 

^Ch3-C(N02)2~M+  + B-ONO 

(2) 

B“M+ 

+ B-ONO 

-►  B-B  + M'^Oa" 

(2) 

Metal  alkoxides,^®'^  potasslvim  cyanide, piperidine, 
trimethylamine,^#^  guanidine, and  potassium  ethyl  malonate,^“#^ 
react  by  elimination-addition  according  to  Equations  1 to  give  beta- 
alkylated  derivatives  of  1,1-dlnltronitroethane.  PotassliM  2-nitro- 
propane,^®  potassium  n-butyl  mercaptlde,^^  butylllthium,^#^  and  metallic 
hydroxldes^*#t)  undergo  oxidation-reduction  of  the  type  of  Equations  2. 
Attempts  to  alkylate  1,1,1-trinltroethane  with  potassium  benzyl  cyanide 
in  the  presence  of  ethanol^^  resulted  in  formation  of  potassium  2-ethoxy- 
1, 1-din it roet bane  (Equations  l).  Potassium  acetylacetone^  reacted 
primarily  via  sequence  2 to  give  potassium  l,l-dinitroethane|  however, 
evidence  was  obtained  for  the  formation  of  5-acetyl-5#5-dinitro-2- 
pentanone  in  minor  amounts.  Ambigucus  results  were  obtained  when 
trlethylamlne  was  used  as  the  attacking  base.l^ 


The  study  of  the  reactions  of  bases  and  l,l,l-trinltrcethan8  has 
been  extended  to  1-bromo-l, 1-dlnltroethane  and  to  1-chloro-l, 1-din itro- 
ethdne.  The  purposes  in  the  extension  of  this  research  are:  (l)  to 
develop  new  and  more  convenient  methods  for  preparation  of  1,1-dinitro- 
ethylene  in  situ  and  of  its  addition  products  and  (2)  to  obtain  information 
concerning  the  behavior  of  l-halo-l,l-dinitroethanes  toward  oxldatlve- 
reductive  attack  by  various  bases.  It  has  beon  previously  reported  from 
this  laboratory  that  piperidine  reacts  with  1-bromo-l, l-dinitroethanel^><J 
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In  ethyl  ether  at  C'°  by  the  oxidation-reduction  sequence  (analogous  to 
KnnflLr.lone  p)  remiltlng  In  displacement  Of  brociinium  ion  to  give 
plperldlniua  1,1-dinltroettoane  plperldlnlum  bromide  (74,736) 

and  a high  molecular  weight  product  (presvaaably  a trlmer)  derived  from 
3j4j5>6-tetrahydropyridlne.  In  the  present  report  from  this  laboratory 
there  are  described  the  results  of  the  investigations  of  reaction  of 
1-bromo-ljl-dlnltrcathane  with  sodium  diethyl  malonate  and  of  reaction 
of  piperidine  and  l-chloro-l,l-dinltroethane. 

Beaction  of  sodium  diethyl  malonate  and  1-bromo-l, 1-dlnitroethane 
( Bquatlons  5)  in  absolute  ethanol  at  5-10°  occurs  fairly  rapidly  to  give 
sodium  bromide  (100^),  sodium  1, 1-dlnltroethane  (7736)  and  tetraethyl 
ethane-ljl,2j2-tetracarboxylate  (6636).  There  was  no  evidence  for  a 
reaction  of  the  elimination-addition  type  to  give  potassium  2-carbethoxy- 
4,4-dinltrobutyrate^^>4  as  was  experienced  with  potassium  diethyl  malonate 
and  1,1,1-trlnltroethanej  it  is  of  Interest  that  attack  of  the  diethyl 
malonate  anion  on  l-bromo-l,l-dlnitroethane  results  in  displacement  of 
a positive  bromine  atom  rather  thau  a positive  sitro  group.  An  equation 
sequence  (Equations  3)  which  accounts  for  formation  of  sodium  bromide, 
sodium  1,1-dlnltroethane,  and  tetraethyl  ethane-1,1, 2, 2-tetracarboxylate 
is  as  follows: 


(C2H5-02C-)2CH“Na  + BrC(N0a)2-CH3 


(C2Hs-02C-)2CHBr  + (C2H5-02C-)2CH“Na-* 

+ Na'^Br" 


(*^2H5P2C-)2CHBr  + Na  “(02N)2C-CH3 

(5) 

(C2H5-02C-)2Cn-HC-(C02-C2H5)2 

(3) 


The  sodium  1,1-dlnlti  oetliane  was  identified  upon  isolation  and  upon 
Conversion  to  1,1-dlnltroethanej  the  yield  of  sodium  1,1-dlnltroethane 
produced  In  these  experiments  was  determined  quantitatively  by  use  of 
ultraviolet  methods.  The  tetraethyl  ethace-l,l,2,2=tstracarboxylate  was 
identified  by  its  chemical  and  physical  properties  and  by  Comparison 
with  an  authentic  sample.  The  yield  of  sodium  brcsida  was  determined 
quantitatively  by  conversion  to  silver  bromide.  Attempts  were  made  to 
Isolate  diethyl  bromomalonate,  a suspected  intermediate  in  the  coupling 
reaction;  however,  it  could  not  be  detected  under  the  conditions  of  the 
experiments.  On  the  basis  of  the  results  of  the  experiments  of  reactions 
of  piperidine  and  sodium  diethyl  malonate  with  l-bromo-l,l-dlnltroethane, 
it  Is  predicted  that  the  principal  reactions  of  l-bromo-l,l-dlnitroethane 
with  bases  will  result  in  removal  of  positive  uFuutxuo  by  mechauisms  of 
the  displacement  type  and  that  l-bromo-l,l-nix}itroethaoe  does  not  offer 
the  promise  as  does  1,1,1-trinltroethane  for  producing  1,1-dlnitroethylene 
In  sltxi; 
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. BEAC?TI0N  of  piperidine  AMD  l-CaiDRO-l.l-DINITROEmANE;  FOBMATION  OF 
PIIZEIDiyfi?*  l l-DIglTPOETP-AyE  PIPEPTTiTTfTTH  CHTiQHTI)E. 

It  has  heen  prevlcnasly  found  that  plperidlne^#^  reacts  with 
1,1,1-trlnltroethane  hy  elimination-addition  to  yield  H-(2,2-dlnltroethyl)- 
plperldlne  and  plperldlnlvun  nitrite,  whereas  reaction  of  piperidine  with 
l-brooo-l,l-dlnltroethane^^> J occurs  hy  displacement  on  bromine  to  give 
plperldlnlum  1,1-dlnltroethane,  plperldlnlxm  bromide  and  5,^,5>6- 
tetrahydropyrldlne  (tent.).  In  an  effort  to  develop  new  and  more 
Convenient  methods  for  preparing  ''1,1-dlnitroethylene"  In  situ  and 
also  to  Compare  the  general  reactions  of  l-halo-l,l-dinltroalkanes  toward 
bases  with  those  of  1,1,1-trlnltroethane,  the  reactions  of  piperidine 
and  l-cUloro-l,l-dlnltroethane  have  been  Investigated. 

l-Chloro-l,l-dlnltroethane  was  prepared  by  reaction  of  chlorine 
and  sodium  1,1-dlnltroethane.  Reaction  of  l-chloro-l,l-dlnltroethane 
with  piperidine  In  anhydrous  ethyl  ether  occurred  slowly  (Ematlons  U) 
at  room  temperature  to  give  plperldlnlum  1,1-dlnltroethane  (U8.6?t  yield), 
plperldlnlum  chloride  (20.6^t  yield),  l-chloro-l,l-dlnltroethane  (6.5^t  yield), 
and  unidentified  products  (presumably  derived  from  chlorination  and 
dehydrochlorlnatlon  of  piperidine);  N"(2,2-dinltroeth.vl)-piperldlDe>  the 
product  erpected  from  elimination-addition,  was  not  obtained  from  this 
reaction. 


(02N)sC-CH3 


Plperldlnlum  1,1-dlnltroethane  was  detected  and  determined  quantitatively 
by  ultra-violet  spectrophotometric  methods;  the  salt  was  also  compared 
with  an  authentic  sample  prepared  by  reaction  of  piperidine  and  1,1-dinltro- 
ethane.  The  yield  of  plperldlnlum  chloride  was  ascertained  from  the 
water-soluble  products  by  precipitation  of  the  chloride  Ion  as  silver 
Chloride.  It  is  to  be  cnncivifled.  from  this  eiperiment  as  veil  ae  those 
with  l-bromo-l,l-dlnltroethane  that  reaction  of  l-halo-l,l-dlnltroethanes 
with  appropriate  bases  involve  attack  on  halogen  rather  than  elimination 
of  hydrogen  halide  (or  of  nitrous  aCid)  to  give  1, 1-din itroothylene  (or 
1-chlcro-l-nltroethylene)  or  its  subsequent  adducts.  Further  studies 
of  this  apparent  generalization  with  l-halo-l,l-dinltroethanes  are  now 
In  progress. 
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5.  DISPIACaffiin*  REACnOWS  of  silver  SATJTS  of  1.1-DIRITR05THANE  /iND  OF 
l.l-DIHITR0ra0PAH5  WITS  ORTHO-NITROBENZLTraCSULFSNYL  (^fe^RIDE. 
siMBESIS  OF  ORTBO-WITROFHENYL  1,1-DIWITBOETgYL  KULf-J-jJa  AaX>  OBxHO- 
NITPOraEHYL  1,1-DIHITBOFBOFh.  SULFIDE. 

Beactlon  of  alkyl  taalldee  with  metalll'^  ealts  of  mononltrcalkanee^ 
may  reault  In  carbon-alkylation  to  yield  substituted  mononitroelkanes 
or  in  oxygen-alkylation  to  give  nltronlc  esters  or  their  decomposition 
products  (oximes  and  carbonyl  compounds);  in  general,  the  principal 
reaction  Is  that  involving  attack  on  oxygen.  On  the  other  hand,  salts 
of  mononitroelkanes  undergo  rapid  displacement  reactions  with  aryldlazonium 
halides**  or  with  arylsulfenyl  halides**  to  give  the  carbon-aikylated 
derivatives,  arylazonitroalkanes  and  aryl  nitroelkyl  sulfides.  In  good 
yields. 

Upon  studying  displacement  reactions  of  alkyl  halides  with  electro- 
valent  salts  of  1,1-dlnltroalkanes,  It  has  been  found  that  there  are 
Certain  similarities  In  results  with  those  obtained  from  salts  of 
mononitroelkanes  and  alkyl  halides  In  that  the  principal  reaction  is  one 
involving  oxygen-alkylation;  the  minor  reaction  is  that  in  which  sub- 
stituted gem-dlnltroalkanes  are  formed.  In  using  covalent  salts  of 

1.1- dlnltroalkaneaT®>^>  f,uch  as  silver  1, 1-dinitroethane  heterogeneously 

or  in  solution  In  acetonitrile.  It  was  found  that  carbon-alkylatlon  could 
be  enhanced;  however,  the  reaction  gave  little  promise  as  an  excellent 
method  for  preparing  substituted  gem-dlnltroalkanes.  As  part  of  a 
general  program  for  developing  new  carbon-alkylation  reactions  of  salts 

of  1,1-dlnltroalkanes,  as  part  of  a study  of  the  structural  natures  of 
Cations  which  effect  selectivity  In  carbon-alkylatlon  of  nitronate  ions, 
and  as  part  of  a general  study  for  developing  methods  for  preparing  solid 
derivatives  of  1,1-dlnltroalkanes,  a study  has  been  Initiated  of  the 
displacement  reactions  of  benzenesulfenyl  halides  and  of  aryldlazonium 
halides  with  salts  of  1,1-dlnltroalkanes.  I^e  results  of  the  present 
studies  of  reactions  of  ortho-nitrobenzenesulfenyl  chloride  with  silver 

1. 1- dinitroethane  and  with  silver  1,1-dlnltropropane  are  now  reported. 

Beactlons  of  silver  1, 1-dlnitroethane  and  silver  1,1-dlnltropropane 
in  acetonitrile  (homogeneous)  with  ortho-nitrobenzenesulfenyl  chloride 
occurs  almost  Instantaneously  to  yield  ortho-nltr ophenyl  1,1-dinltroethyl 
sulfide  (Equation  5)  and  ortho-nltrophenyl  1,1-dlnitropropyl  sulfide 
along  with  sliver  chlcrlde.  The  products  of  reaction  are  stable  solids 
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0-02K-C6Ki,-3Cl 


«6V'^2”/2 


C=CH3 


u _c_r/Mn  N _pu_  x A/yPi  f 


and  are  readily  crystallized;  they  serve  as  excellent  solid  derivatives 
of  1,1-dlnitroQlkanes.  The  proofs  of  structure  of  these  compounds  have 
not  yet  been  completed,  but,  on  the  basis  of  the  previous  establishment s 
of  structure  of  slllmar  derivatives  prepared  from  mononitroalkanes'^'a 
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it  seems  quite  likely  that  the  derivatives  obtaloed  from  1,1-dlnltroalkanes 
«rp  true  arvl  1,1-dlcltroalkyl  sulfides. 


4.  STUDIES  OF  OXIDATIVE-WITRATIOH  OF  SUBSTirUTED  MOHONrfROALFAMES 

PREPABATION  OP  I-KSTH0XY-2.2-riiaTRCBOTANE.  2,2-DINITRO-l-PHENYUMNO 
BOTAHE 

NrmOHEPTAHE.  l.l-DINiroO-2~PHENYlJE?rHAME.  ETHYL  3.3-DINITROBI7raPATE, 
DINITl«)CTtilOPmAME.  CY^^LQBEmPINlTR^^  (DCTO^  71511)7.  A J 
2 ,2-DIMETHYl.-l.l-DINITR0ER0PAltE  (IMPROVED  YIELD 


Studies  of  the  scope  of  oxldatlve-nltratlon^'^“^>^>^  of  primary  and 
secondary  mononitroalkanes  have  been  continued.  It  is  the  purpose  of 
the  present  research  to  determine  the  effects  of  various  functional 
groups  on  the  course  and  on  the  efficiency  of  the  oxidative-nitration 
reaction}  it  is  also  expected  to  obtain  further  information  concerning 
the  chemical  and  physical  properties  Ox  DUuS^  ituted  gem-dinitroalkanes , 

It  toe  been  previously  demonstrated  that  non-branched  2-nltro-l- 
alkanole®^ ' and  3-nltro-2-butanol^>7  may  be  converted  to  2,2-dlnltro-l- 
alkanola  and  3i5-dlnitro-2-butanol  by  careful  use  of  oxidative-nitration 
techniques.  It  has  also  been  found  previously®  that  electronegatlvely- 
substltuted  orp^^Q-systems  such  as  methyl  nltroacetate,  nitroacetonltrlle, 
altroacetone,  and  3-nitropropene  are  not  converted  into  the  corresponding 
gem-dinitroalkanes  by  oxidative-nitration  methods.  In  order  to  obtain 
further  information  concerning  the  possibility  of  nitrating  other  types 
of  nltroalkanes  which  are  substituted  in  the  beta-position  with  functional 
groups,  « study  has  been  made  of  oxidative-nitration  of  l-methoxy-2- 
nltrobutane,  2-nltro-l-i*ienylaminobutane,  and  ethyl  2-nltro-l-butyl 
thloether. 

l-Methoxy4i2-nltrobutane  (Equations  6)  was  prepared  in  yield  by 
addition  of  methanol  and  2-nltro- 1-butene  at  room  temperature  in  the 
presence  of  sodium  methoxlde.  Beactlon  of  l-methoxy-2-nltrobutane  with 
sodium  hydroxide  in  water-methunol  at  0*^  and  subsequent  treatment  of  the 
reaction  mixture  with  sodium  nitrite  and  silver  nitrate  gave  l-methoxy-2,- 
2-diTiitrdbutane  as  a stable  liquid  in  87^  yield.  The  assignment  of 
structure  of  l-methoxy-2,2-dinitrcbutane  was  based  on  its  quantitative  and 
Infrared  analyses,  its  molar  refraction,  and  its  chemical  and  physical 
properties. 

CH3-CH2-C(NC>2)aCH2  f^3-f«2-C^(N02)CH2-CC^3 


2 ^ MO 


Cgg- C02»C(NQ2  )2“^2'^^3 
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2-Nitro-l-phenylaminobutane  (Equations  7)  vas  synthesized  by 
roBCtlon  nt  ?-nltro-l -butene  and  aniline  at  temperatures  belov  30®; 
the  initial  adduct  was  best  Isolated  as  the  crystalline  hydrochloride. 
Reaction  of  2-nltro-l-phenylamlnobutane  hydrochloride  with  dilute 
sodium  Carbonate  and  subsequent  distillation  gave  pure  2-nitro-l- 
phenylf "ilnobutane  In  70lt  yield.  The  Identity  of  2-nltro-l-phenylamlno- 
butane  was  established  from  Its  analysis,  from  Its  Infrared  spectrum, 
from  itb  molecular  refraction,  and  from  Its  reaction  with  hydrogen  chloride. 
Oxldatlve-nltratlon  of  2-nltro-l-phenylamlnobutane  was  effected 
satisfactorily  to  yield  2,2-dlnltro-l-phenylamlnobutane  (45^  yield); 
the  2,2-dlnltro-l-phenylamlnobutane  was  Isolated,  purified,  analyzed,  and 
identified  as  2,2-dlnltro-l-phenylamlnobutane  hy^ochlorlde . 


CH3-CH2-C(H02)=CH2 


H2N-CeHs 
> 

7C^ 


CH3-CH2  -CHiJOa  -CB2  -NH-CaHs 


1)  0H";Ag+,N02" 
^ 

2)  hCi,45^ 


CH3-CH2'C(N02)2-^2-IlH2-CeHs  ^1" 


(7) 


Ethyl  2-nltro-l-butyl  thloether  (Equations  8)  was  obtained  In  64^ 
yield  from  addition  of  ethanethlol  to  2-nltro-l-butene  In  methanol. 
Catalyzed  by  sodium  methoxlde.  The  quantitative  and  Infrared  analyses 
of  the  thloether  are  In  agreement  with  the  structure  proposed  for  the 
adduct.  Attempts  to  effect  oxldatlve-nltratlon  of  ethyl  2-nltro-l-butyl 
thloether  to  ethyl  2, 2-dlnitro- 1-butyl  thloether,  as  yet,  have  all  been 
unsuccessful.  Silver  deposition  occurs  as  In  the  usual  oxldatlve- 
nltratlon  reaction;  however,  the  principal  product  of  reaction  Is 
2-nltro-l-butene.  The  formation  of  2-nltro-l-butene  Is  not  due  to  bose- 
catelyzed  decomposition  of  salts  of  ethyl  2-nltro-l-butyl  thloether;  It 
Is  apparent  that  the  2-nltro-l-butene  Is  formed  during  the  oxldatlon- 
reductlon  steps.  Further  stucEsBOf  systems  of  this  type  are  In  progress. 


CH3-CH2-C(N02)sCH3 


HS-CH2-CH3 
>■ 

84^ 


CH3- -ChN02 -CHs -S-CHe -Cfla 


1)  OH- 
*~ 

2)  Ag+,N02 


CH3-CH2-C(N02)-CH2  + 


^He- ^H2 -S -S  — Cfl® — ^^3 


(8) 


The  oxldatlve-nltratlon  reaction  of  4-nltro-l-pentanal  has  been 
laveBtiguted  In  order  to  determine  if  oxldatlvc-nltrationa  cay  be  effected 
selectively  In  nltro  compounds  containing  aldehyde  groups;  In  general, 
aldehydes  are  converted  to  their  corresponding  carboxylic  acids  upon 
reaction  with  silver  oxidants.  It  has  now  been  found  that  oxldatlve- 
nltratlon  of  4-nltropentanal  may  be  effected  at  0®  to  give  4,4-dlnltro- 
pentanal  (Equation  9)  in  62^  yield;  4,4-dlnltropeatanal^  was  characterized 
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an  Its  aeolcarbazone^  and  Its  p-nltrophenylhydrazone.9  7 

CH~ 

CH3-CHN02-CHa-CEa-CHaO y~  CH3-C(K05,)2-CHa-CR2-CH=0  (9) 

2)  Ag'^^NOs" 

The  oxldatlve-nltratlon  reaction  has  been  extended  to  the  preparation 
of  highly  fluorlnated  gem-dlnltroalkanes , 1, 1, 1, 2^2, 3#3•Heptafluo^o-3- 

nlt^oheptane  vas  prepared  by  reduction  of  5/5j6,6,7#7/T“heptafluoro-3- 
nltro-3-beptene  with  various  complex  hydrldesiO;  oxidative  nitratian 
gave  l,l,l,2.2,3,3-heptafluoro-5,5-dinitroheptane  as  a stable  colorless 
liquid  In  75*  yield.  The  dlnltroheptafluoroheptane  was  Identified  by 
Its  quantitative  and  Infrared  analyses  and  Its  chemical  and  physical 
properties. 


CFa  -Cfa  -CFa  -CHa  -Ch(  KOa ) -OBa  -CHs 


1)  C0“ 
>~ 

2)  Ag+,NOa- 


CFs-CFs - -CHs -C ( NOa )a -CUa -CH3 

(10) 


The  oxldatlve-nltratlon  reaction  has  been  extended  to  l-nltro-2- 
phenylethane,  nltrocyciopentane,  and  ethyl  3-nltrobutyrate;  Improved 
procedures  have  been  developed  for  preparation  of  C3^iohexyldlnltro- 
methane  and  for  2,2-dlmethyl-l,l-dinltroprcpane.  l-Nltro-2-phenylethane 
vas  prepared  In  44^  yield  from  silver  nitrite  and  l-bromo-2-phenylethane; 
Its  Conversion  to  lji-dlnltro-2-phenylethane  was  effected  In  551^  yield. 
l,l-rinltro-2-phenylethane,  a Crystalline  solid,  was  Identified  by  Its 
quantitative  and  infrared  analysesj  it  was  characterized  as  its  potassium 
and  silver  salts  (the  properties  of  these  salts  have  been  determined). 
Oxidative-nitration  of  nitrocyciopentane  occurs  rapidly  to  give  dlnltro- 
cyciopentane  In  5656  yield.  Ethyl  3-nltrobutyrate  (Ecjuatlons  ll)  was 
synthesized  by  reaction  of  silver  nitrite  and  ethyl  3-bromobutyrate 
(25^t);  It  Is  quite  difficult  to  remove  all  nitrite  and  nitrate  Impurities 
In  systems  of  this  type,  however,  the  ethyl  5-nltrobutyrate  could  be 
Isolated  in  analytical  purity  by  repeated  rectification  of  the  reaction 
product.  Ethyl  3, 3-dlnltrobutyi'ate  was  obtained  In  36?^  yield  by  oxidative- 
nitration  of  ethyl  3-nltrobutyrate  In  aqueous  methanol;  the  dlnltro 
ester  Is  a stable  liquid  which  can  be  readily  purified  by  distillation. 


CHa-CHBr-CHa-COa-CaHs  CHa-CHNOa-CHa-COaCaHs  -^1-2?"-  >. 

2)  Ag+,N0a- 


CH3-C ( NOa ) 2 -^Ha -CO2 -C2H5 


(11) 
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5.  PREPAEtATION  AND  STUDIES  OF  POLYFLUOROPOLYNITROAIKANES , SYNTHESIS  OF  1,1,1- 
TBIFLUOR(>T5--NIIRC)-.a-^OP-AMOL,  -3  >3  »-Wi'KJUXUUH0->i-W)liTRuBR0PEa5 , JUiD 
2-/rRIELU0R0MEIHYL-^-^H0EAlK)L  > . 


A program  has  been  Initiated  of  synthesis  of  1,1,1— tr if Ixioro-J, 5“^initro- 
propane,  l,l,l,2,2,3,3~beptafluoro-5>5— dinitropentane,  1,1,1— tr if luoro-2- 
nethyl-3 ,3-dinitropropane , 1,1 ,l-trifluoro-2, 2— dimethyl-3 ,5-dinitro ethane , 
and  2,2-bis— (trifl\ioromethyl)— 1,1-dinitropropane.  The  purpose  of  this  study 
is,  (1)  to  extend  the  oxidative— nitration  reaction  to  the  preparation  of 
highly  fluorinated  polynitroalkanes,  (2)  to  obtain  general  information  con- 
cerning the  thermal  and  explosive  properties  of  polyfluoropolynitroalkanes, 
and  (3)  to  determine  the  ionization  constants  of  fluorinated  1,1-dinitro— 
alkanes  and  the  xiltraviolet  spectra  and  solubilities  of  their  potassium 
salts;  it  is  believed  that  decisive  results  might  be  obtained  from  this  study 
which  will  substantiate  the  hypothesisdi  that  there  is  limited  resonance 
stabilization  in  anions  derived  from  highly  hindered  1,1-dinitroalkanes. 

In  the  present  atxidy  there  is  i*eported  the  synthesis  of  1,1,1—trifluoro— 
3-nitro— 2— propanol,  3>3 >3“trlfluoro— 1-oitropropene  and  l^iitro-2—trifluoro— 
methyl-2— propanol.  Cook,  et  al^^  have  previously  prepared  1,1,1—trifluoro— 

3— nitr 0-2— propanol  in  yield  by  condensation  of  trifluoroacetaldehyde  and 

nltromethane  (Equation  12).  In  the  present  study,  condensation  of  nitro— 
methane  and  trifluoroacetaldehyde  in  the  presence  of  potassium  carbonate  to 
give  l,l,l-trifluoro-3— nitro-2-propanol  has  been  effected  in  8l^  yield;  the 
improved  procediare  results  from  using  nltromethane  and  trifluoroacetaldehyde 
in  a mole  ratio. 3 to  1.  l,l,l-Trifluoro-3— nitro-2-propanol  was  converted  to 
3>3>3~trifluoro-l-nitropropene  (Equation  12)  in  kTfi  yield  upon  being  heated 
at  140°  with  pbthalic  anhydride;  attempts  to  prepare  3>3>3“trlfluoro— 1-nitro- 
propene  by  reaction  of  sodium  carbonate  and  l,l,l-trifluoro-3-nitro-2-propyl 
acetate,  prepared  from  acetic  anhydride  and  1 , 1 , l-trifluoro-3-nitro-2-pro- 
panol,  were  unsuccessful, 

CF3-CHO  + CHa-KOa  ”*3^0, t ^ CFa-CHCH-CHzNOa  CF3-CH=CHK02  + HgO  (12) 

Condensation  of  nltromethane  and  1,1,1— trifluoroacetone  (mole  ratio  34.1— 
1)  in  the  presence  of  anhydrous  potassium  carbonate  results  in  formation  of  1— 
nitrc—2— trifluoromethyl-2-propanol  (Equation  13)  in  55^  yield.  Complete  re- 
sults of  the  conversions  of  1— nitro— 2— trifluoromethyl-^— propanol  to  1—nitro— 

2— ux if luoromethyl— 1-propene  will  be  summarized  in  a subsequent  report. 

CFa-CO-CHa  + CH3-UO2  NaaCOa  CF3-(H3C)C0H-CH2N02  (13) 

• 53^  • - 

6.  SELECTIVE  REDUCTION  OF  CONJUGATED  NITROOLEFINS  WITH  LITHIUM  BOROHYDRIDE, 

NITROALKANSS>  . . 

It  haa  been  previously  reported^^'^'\;hat  the  conjugated  double  bond  of  the 
nitroolefins:  1— nitropropene , 2-metbyl-l-nitropropene,  2-nitro— 1— buten©\and 
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omegar-nitroatyrene  cein  be  selectively  reduced  by  lithium  borohydride  in  ethyl 
ether— tetrahydrofui-an  at  -40  to  —70°  (Equation  lU  and  I5).  The  reaction 

4RR’C»CR’'H02  + LIHH4  tRR»CH-CR"=^^02]*^BLi  (l4) 

tRR'CH-CR"-N02li3Li  + CH3-CO0H  + 5H2O  ^ 4RR'CH-^CR"N02  + HaBQa  + CHs-^'O  Ci  (15 

is  complicated  by  consecutive  processes  of  the  Michael  type  in  which  the  ’’c- 
duction  product  adds  to  the  initial  conjugated  nitroolefin  to  yield  the  cov- 
responding  l,3“^initroalk£mes  (Equation  I6).  It  has  been  found,  howeve"*. 

RR'CH-^"C(N02)“  + RR'C-OR''N02  ^ RP.‘CH-«"C(N02)-RR-C-4l"C(N0£)- 

that  reduction  may  be  effected  satisfactorily,  v;ith  respect  to  speed  and  cc  :.i- 
pletion  of  reaction  and  tc  minimization  of  consecutive  Michael  eujdition,  bv 
sddlng  the  nitroolefin  to  100  per  cent  excess  of  reducing  agent  at  controlled 
temperatxires.  On  the  basis  of  the  results  obtained,  it  is  suggested  that 
sterlc  factors  become  greatly  increased  as  each  nitronate  ion  becomes  com— 
plexed  with  the  borohydride  ion  and  thus  the  reducing  potential  of  the 
species  formed,  trialkylnitronatoborohydride  and  dlalkylnitronatoborohydride 
ions,  are  greatly  diminished. 

Herein  are  reported  the  final  completed  experiments^  for  reduction  of 
1-nitropropene  and  2-nitrc— 1-butenc  with  lithium  borohydride.  The  reductions 
of  4-nitro-3-heptene,  3>3»5-trichloro— 1— nltrcpropene,  4,4,5,5#6,6,6-heptar- 
fluoro-2— nitro-2-hexene  and  5>5#6,6,7,T*7-beptafluoro-3-nitro-5-hcptcne  have 
also  been  conducted  to  give  the  corresponding  saturated  nltroalkanes  in  65, 

85,  87.8  and  91?^  yields,  respectively.  It  is  apparent  that  reduction  of  the 
fluorinated  nltroolefins  is  facilitated  by  the  inductive  effect  of  the  per- 
fluoroalkyl  groups.  The  reduction  products  were  Identified  by  their  physical 
constants,  infrared  spectra;  and  by  conversion  to  the  corresponding  carbonyl 
compounds  via  the  Nef  reaction  and  thence  to  their  2,4-dinltrophenylhydra— 
zones.  It  has  been  previously  reported'^^  that  fluorinated  nltroalkanes  do 
not  undergo  Nef  reactions  to  yield  perfluoroalleyl  alkyl  ketones;  it  is  of 
Importance  that  under  the  conditions  used  in  the  present  investigation  1,1,1— 
2,2,3 ,5~beptaTl'iC/ro-5-<iitrohexane  and  l,l,l,2,2,3,3“beptafluoro-3-nitrohep— 
tanc  are  con/erted  to  4,4,5,5^6»6,6-heptafluoro-2-hexanone  and  7,7^7” 

heptafluoro-5-heptanone , respccitively,  under  the  conditions  of  the  Nef  re- 
action. 

4-Nitro-5-hcptene,  a new  compound,  was  synthesized  by  the  following 
sequence;  (l)  condensation  of  propanal  and  1— nitrobutane  in  the  presence  of 
soditun  hydroxide  gave  4— nitro-3-hcptanol  (TT^) t (2)  reaction  of  4-nitro-3“ 
heptanol  with  acetic  anhydride  yielded  5-occtoxy-4— nitroheptane  (8950) ; and 
(3)  conversion  of  3*^cetoxy-4— nitroheptane  to  4— nltro-3-heptene,  effected  by 
sodium  acetate  in  73^1^  yield.  Redaction  of  4-nitra-5-heptene,  a relatively 
hindered  nitrcalksne,  has  demonstrated  the  importfl-nce  of  keeping  the  temper- 
ature of  reaction  below  0°;  reduction  at  0°  gave,  in  addition  to  4— nitrohep— 
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tane  , a complex  mixture  (20jl)  wbich  exhibited  infrared  absorption  for 

hydroxyl  and  amine  groups.  It  is  apparent  that  reduction  of  the  nltro  group, 
possibly  to  an  oxime,  a hydroxy lamlne . or  an  amine,  has  been  effected;  further 
study  of  this  reaction  is  in  progress. 


7i  SELBCnVB  REDUCTION  OF  CONJUGATED  NITROOLEFINS  WITH  SODIUM  TRIMEIHOXY- 

BOROHIDRIDE;  HITROALKAMES,  

Selective  reduction  of  the  carbon-carbon  double  bond  of  the  conjugated 
nltroolefins:  1— nltropropene , 2-methyl—l-nitropropene , 2— nitro— 1-butene  and 
2-^iitro-2-butene  with  sodium  trlmethoxyborohydride  in  ethyl  ether— tetrediydro— 
furan  has  been  reported  previously  from  this  laboratory.^  The  reduction  pro- 
ceeds by  hydride  transfei-  according  to  Equations  17  and  l6;  a secondary  re- 
action occurs  by  addition  of  the  anion  of  the  reduced  product  to  the  nltro- 
olefln  to  yield  the  corresponding  1,3-dinltroallcane  (Equation  19,  Michael 
addition) . 

RR'C=CR"N02  + NaBH(0CH3)a  — - RR'CH-CR"N02Na  + (CH30)3B 
RR'CH-CR’’N02Na  + ^ RR'CH-CHB"N02  + Na+ 

RR'CH-CR"(N02)“  + RR*C=CR"N02  — ^ RR‘CH-CR”(N02)-CRR'-CR"(N02) 

Herein  are  reported  the  final  experiments  for  reduction  of  1-nitropropene 
and  2-nitro-l-butene . It  is  also  reported  that  extension  of  the  reduction  re- 
action to  omega-nitrostyrene,  4— nitro-5-heptene , 4,4,5,5#6,6,6-heptafluoro-2- 
nltro-2-hexene,  5>5>6,6,7,7>7“beptafluoro-5“nitro-3-beptene  and  5>5>3-trichloro- 
1-nltropropene  yields  the  corresponding  saturated  nitroalkanes  in  38.6,  53# 

84,  91  and  44.2^  yields,  respectively.  Reduction  of  omega-nitrostyrene  re- 
sults in  formation,  along  with  1— nitro-2— phenylethane,  of  l,5-dinitro-2,4— 
diphenylbutane  (tent,)  as  two  racemates.  Structures  of  these  two  racemates 
are  based  on  their  quantitative  analyses,  their  chemical,  physical  and  infra- 
red properties  and  upon  synthesis  of  one  of  the  racemates  by  base— catalyzed 
addition  of  1-nitro-S— phenylethane  to  omega-nitrostyrene. 

Reduction  of  4— nltro-J-heptane  with  sodium  trlmethoxyborohydride  proceeds 
very  slowly  even  at  0°  uvid  ^as  accompanied  by  formation  of  an  amine  (unidenti- 
fied) and  a carbonyl  compound  (unidentified) . Purification  of  the  4-nitrohep- 
tane  may  be  accomplished  with  little  difficulty,  however,  by  distillation  at 
reduced  pressures.  The  relative  resistance  of  4— nitro— 3-heptene  to  reduction 
may  be  attributed  to  possible  steric  factors  involving  the  complex  nltroole— 
fin  and  the  hindered  trlmethoxyborohydride  ion. 

The  reduction  of  4,4,5,5#6,6,6-beptafluoro— 2— nitro-2-hexene  and  5#5>6>6>7— 
7,7-heptafluoro— 3-nltro-3-heptene  occurs  with  rapidity  and  in  high  yields;  the 
ease  of  reduction  of  these  fluorinated  nltroolefins  can  be  associated  with  their 
relatively  electron-deficient  carbon-carbon  double  bonds.  The  structures  of 


(17) 

(18) 
■ (19) 
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1,1, 1,2, 2, 3 ,3-ibeptaf luoro-5—nitrohexane  and  1,1, 1,2, 2, 3 ,3-toeptaf luoro— 5— nitro— 
heptane  were  assigned  on  the  hases  of  their  physical  constants  and  upon  con- 
version to  the  2,J*-dinitrophenylhydrazones  of  4,U,5,5,6,6,6-heptafluoro-2- 
hexanone  and  5/5/&#6i7>7>7-heptafluoro~3-heptanone,  respectively,  fteduczion 
of  3^3/3“trichloro-l-Haitropropene  is  effected  without  displacement  of  allylic 
chlorine;  the  Michael  addition  product  1,1,1— trichloro-3,5“<iiDi'tro-4— trichloro— 
methylpentane  is  also  formed  in  '52.1$  yield.  The  structures  of  1,1,1-trichloro- 
3— nitropropane  and  1,1,1— trichloro-^,5-dinitro-4-trichloromethylpentane  were 
based  on  quantitative  analyses  and  infrared  spectra. 


8.  SKLFTTIVE  REDUCTION  OF  CONJUGATED  NITROOLEFINS  VfITH  LITHIUM  ALUMINUM 

HYTOIDE;  NITROALKAKES. 

It  has  been  reported  recently  by  Cildorf  and  N that  2— nltro—1— phenyl— 
1-propene  and  omega-^itrostyrene  and  by  Cook,  al*^  that  4, 4, 5, 5^6, 6,6— 
heptafluoro-2-^iitro— 2-hexene  and  5»5;6,6,7,7,7-heptafluoro-3^itro— 3-heptene 
may  be  reduced  to  the  corresponding  saturated  nitro  compounds  with  lithium 
aluminum  hydride  at  -40  to  —50®.  The  procedure  used  in  their  studies  is  that 
of  addition  of  lithium  aluminum  hydride  to  the  conjugated  nitroalkanes . Since 
it  has  been  found  in  the  present  studies  that  a successive  reaction  occurring 
in  the  reduction  system  is  addition  of  the  reduced  product  to  unreduced  nitro— 
alkane,  an  investigation  has  been  made  of  the  reduction  of  5>5>6,6,7,7>7“ 
heptafluoro-3— nitro-3-heptene  and  3»3>3— trichloro— 1-nltropropene  with  lithium 
aluminum  hydride  at  — 55°«  The  order  of  addition  of  reagents  in  the  present 
experiments  is  that  of  coalup^ated  nltroalkene  to -lithium  aluminum  hydride. 

It  has  been  found -that  reduction  occurs  efficiently  to -give  1,1,1,2,2,3,3~ 
heptafluoro-5-nitroheptane  and  1,1,1— trichloro-5— nitropropane  in  85.3  and 
44^  yields,  respectively.  It  is  believed  that  the  procedures  of  the  present 
research  are  more  satisfactory  than  those  previously  reported  in  that  the 
competing  Michael  addition  reactions  yielding  1,3-dinitroalkanes  are  minimized 
or  avoided.  Additional  studies  of  reduction  of  conjugated  nltroalkenes  with 
lithium  aluminum  hydride  are  in  progress  to  illustrate  the  value  of  this 
method. 


9.  SELECTIVE  REDUCTION  OF  CONJUGATED  NITROOLEFINS  V^ITH  SODIUM  BOROHYDRIPE; 

HITROALKANES,  ■ ....  

A study  has  been  initiaued  to  determine  the  possible  use  of  sodium  boro- 
hydride  fur  selectively  reducing  the  carbon-carbon  double  bond  of  conjugated 
nltroalkenes.  An  attempt  to  reduce  5/5>^»^/7,7,T-heptafluoro— 3— nitro— 3— 
heptene  with  sodium  borohydride  in  ethyl  ether-tetrahydrofuran  at  -65®  was 
unsuccessful;  the  initial  material  was  recovered.  It  was  concluded  that  the 
solubility  of  sodium  borohydride  in  tetrahydrofuran-ethyl  ether  is  not  sufx’i— 
cient  for  rapid  reduction  to  be  effected.  Studies  have  therefore  been  made  to 
determine  the  utility  of  sodium  borohydride  in  absolute  ethanol  as  a reducing 
agent.  It  has  thus  been  found  that  the  carbohydrate  derivative,  D-arabo— 
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tetra«cetoxy-i-nitro— l-hexene,  upon  reduction  with  sodium  horohydride  at  0°  in 
absolute  etbanol,  gave  1-nitro-l ,2-dideoxy— D-arabo-bexitol  tetraacetate  in 
63. 99^  yield  upon  acidification  with  urea-acetic  acid.  The  general  stoic- 
hiometric relations  of  this  reduction  reaction  are  (Equations  20  and  21} : 


4RR*C»CR"N02  + BaBHi* 


[ RR  • CH-CR'*  (KO2 ) ] i»BNa 


lRR'CH-CR"(NC>2)]4BNa  + CH3-C02H  + 3H2O  — ^ RR'CH-CHR’’N02  + CR3-C02Na  + HsBOa  (21) 


The  possible  further  advantageous  use  of  sodium  trimethoxyborobydride  as  a 
reducing  agent  for  conjugated  nltroolefins  is  being  investigated. 
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Experla.>ntal 

1.  HEACTIOS  OF  1-BROMO-l.l-DIKITBOETHANS  AMD  SODItM  MALONATEt 

TCggiiATIOy  OF  SODItM  1 . l-DIWITR0grHAH8  AHD  TETRAETHTL  ETHAHE-1.1.2.g- 
TBTRAbA^ITIATE. 

A solutloo  of  Bodlia  diethyl  maloDate  (0.20  mole)  vae  prepared  by 
adding  diethyl  nalonate  (32<06  g.,  0.20  nole)  to  sodlvoa  ethozlde  (prepared 
from  4.60  g,,  0.20  ga.  atoa  of  aodlum)  In  absolute  ethanol  (220  ml.). 
l-firoao>^l,l-dlDltroethane  (19*9  g*>  0.10  mole)  vas  then  added  dropvlee  In 
one  hour  to  the  cold  (3>10°)^  stirred  solution  of  ethanollc  sodium  diethyl 
Balooate.  A yelldv  precipitate  formed  almost  lanedlately  upon  addition. 

The  mixture  vas  stirred  at  room  temperature  for  20  hours  and  then  poured 
Into  a bealcer  and  stirred  with  dry  eth***  (400  ml.)  to  precipitate  the 
insoluble  sodium  salts.  The  suspension  was  then  filtered;  the  precipitate 
vas  washed  with  ether  and  dried.  The  initial  precipitate  (Ppt.  I)  vas 
composed  of  pale-yellow  salts  and  weighed  21.3  g«  The  filtrate  from  Ppt.  I 
vas  evaporated  nearly  to  dryness  (crystals  separated);  addition  of  dry 
ether  (300  ml.)  gave  a second  crop  of  sodium  salts  (pale-yellow)  weighing 
3.7  g.  (Ppt.  II). 

The  filtrate  from  Ppt.  II  vas  evaporated  to  one-fifth  Its  volume  and 
then  dllxitad  with  Skellysolve  F (30  ml.)  A pale- yellow  Insoluble  product 
(Ppt.  Ill)  was  obtained,  end  then  filtered,  washed  with  ether-Skellysolve  F 
(1:5)  end  dried;  the  product  was  Identified  as  tetraethyl  ethane-1 » 1,2,2- 
tetracarboxylate  (m,p.  19.8  62. 3^  yield.  Becrystalllzctlon 

of  the  tetraethyl  ethane-l,i,2,2-tetracarbozy late  from  absolute  ethanol 
raised  Its  melting  point  to  74.5-75.5^.  An  authentic  specimen  melted  at 
74.5-75®;  the  mixed  m.p.  vas  74.5-75*5®.  The  filtrate  was  stripped  of 
solvents  under  vacuum  to  leave  a residue  weighing  10.6  g. 

Anal,  of  Ppt.  I;  A 10.00  g.  aliquot  of  Ppt.  I was  dissolved  In  water 
(130  mi.).  Aqueous  silver  nitrate  (17  g.  In  50  ml.  of  water)  was  added  to 
tlUs  solution,  A mixture  of  silver  salts  vas  obtained  which  vas  filtered 
and  washed  with  water  (crude  weight,  13.6  g.).  The  salts  were  suspended 
In  50fl  aqueous  ethanol  (lOO  ml.)  and  treated  with  5H  nitric  acid  (50  ml.) 
to  dissolve  the  precipitated  silver  1,1-dlnitroethane.  The  remaining  salt 
vas  filtered,  washed  with  water,  ethanol  and  ether  and  dried  In  an  oven 
at  120°  for  3 hours.  Silver  bromide  (7.63  g.)  vas  ^covered.  This  corresponds 
to  4.29  X.  of  sodium  bromide  In  the  ailqu^  and  ^,1^»  g.  In  the  original  salt. 

A sample  of  F^.  I (O.O1581  g./l.  IC*^  aodlum  hydroxide)  was  analjrzed 
by  ultraviolet  methods  to  determine  Its  sodium  1,1-dlnltroethane  content. 

The  sodium  1,1-dlnltroethane  content  vas  found  to  be  39.71^  of  the  weight  of 
sample  and  corresponds  to  8.52  g.  of  sodium  1,1-dinltroetkane  In  the 
original  precipitate. 

Anal,  of  Ppt.  II;  The  mixed  salts  In  Ppt.  II  were  analyzed  in  the  same 
manner  as  describe  for  Ppt . 1 . The  weight  of  sodium  bromide  vas  found  to 
be  1.21  the  weight  of  sodium  l.i-dlnltroethane  was  1,^15' g.  In  addition 
to  these  salts,  O.15  g.  of  impure  tetraethyl <ethane-l,l7^,2-tetrecarbozylate 
(m.p.  67-68°)  was  Isolated.  _ 
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Anal,  of  Residue;  An  aliquot  (l.5Sl5  0,0131  mole  if  all  1,1- 

dlnltroethana ) Of  the  residue  from  Ppt.  Ill  vaa  dissolved  In  ethanol  (8  mi,/ 
and  added  to  sodium  hydroxide  (4.0  g,,  0.10  mole)  in  vater  (40  ml.)  at 
room  temperature.  The  solution  of  salts  was  diluted  vlth  40^1  aqueous  ethanol 
to  one  liter  and  then  redlluted  with  water  at  a ratio  of  1:100.  The  mixture 
was  analyzed  by  ultraviolet  methods;  Its  Epiax  379-301  ou  found  to  be 
0,372  (d  s l.OO).  Fr«  this  data,  the  residue  was  found  to  contain  17.4^ 
or  1,88  g,  of  1,1-dlnltroethane. 

An  aliquot  portion  of  the  residue  (3*00  g.)  was  vacuum  distilled  to 
remove  the  l.,l-dlnltroethane  and  any  free  diethyl  malonate  that  might  be 
present.  A fraction  distilling  at  39-66°  ^4.3-3  ma.)  and  weighing  1.73  g« 
was  obtained.  The  Infrared  spectrum  showed  that  the  gem-dlnltro  and  ester 
groups  were  present  In  about  equal  Intensity.  The  composition  was  determined 
to  be  32  mole  percent  diethyl  malonatd  and  48  mole  percent  1,1-dinltroethane. 
Thus,  1.55  g*  of  1,1-dlnltroethane  and  2,23  g.  of  diethyl  malonate  could  be 
Isolated  from  the  entire  residue  (compare  the  value  of  1.86  g.  of  1,-1- 
dlnltroethane  obtained  from  ultraviolet  analysis) > The  distillation  residue 
was  dissolved  In  absolute  ethanol  (ca.  2 ml.)  and  Skellysolve  F (3  ml.)  was 
added.  Upon  cooling  the  mixture  In  a Dry  Ice  chest  and  then  filtering, 

1.06  g.  of  Impure  tetraethyl  sthane-l,l,2,2-tetracarboxylate  (m.p.  46-48°) 
was  Isolated.  The  non-crystalllzable  residue  (n^^  1,4402;  Infrared  spectrum 
showed  the  presence  of  ester  groups)  weighed  2.04  g. 

The  reaction  of  1-bromo-l.l-dloltroethene  and  sodium  diethyl  malonate 
Is  sv^iarlzed:  the  yleld'of  1.1-dlnltroethane  (aiT^fractions)  was  77%; 
the  Combined  yield  of  tetraethyl  ethane-1, 1, 2, 2-tetrecarboxylate  was  66ji 
the  recovery  of  sodium  bromlae  was  lOOi. 

2 , REAOTION  OF  PIPERIDINE  AKD  l-<^BO-l,l-DIIiITR0E^>j;El  FOBMATIOW  OF 
PII#IDfw!tM  1.1-DmTROfeTOAHS  AMD  raPJ3aiDINll3!  bHLORMI 

l-Chloro-l,l-dlnltroethane  (l5.5  g.,  0,10  mole)  was  added  rapidly  to 
a solution  of  piperidine  (17.0  g.,  0.20  mole)  In  anhydrous  ether  (100  ml.). 
The  resulting  pale-yellow  solution  was  shaken,  then  allowed  to  stand  at 
room  temperature.  After  one  hour,  fine  needles  began  to  precipitate;  after 
two  days,  an  oil  began  separating.  The  oily  precipitate  was  filtered  and 
washed  with  ether  containing  a smell  amount  of  ethanol  (to  dissolve  the 
oil);  the  filtrate  and  washings  (l)  were  combined  and  saved.  The  golden- 
yellow  precipitate,  after  being  dried  In  a desiccator  over  calcium  sulfate 
for  2 days,  weighed  7.3  g* 

ThB^^^^TCTf^^rs^ipltate^^f^sa^t^^wa^^^ansl^zed^b^ultrsvlolet^^wthcds 
and  found  to  contain  ^,3%  (or  h,27  g»)  of  pl^rldinium  l«l-dlnitr6ethane. 

The  mixture  of  preclpltat^  salts  was  then  analyzed  for  plperldlnlum  chloride 
In  the  following  manner:  A 3*00  c.  aliquot  of  the  salt  was  treated  with 

excess  silver  nitrate;  the  mixture  of  silver  salts  formed  was  acidified  with 
nitric  acid  In  aqueous  ethanol  In  order  to  dissolve  the  precipitated  silver 
1,1-dlnltroethane.  The  silver  chloride  left,  upon  being  filtered  and  dried, 
welfd^ed  l.l4  g.  The  silver  chloride  isolated  Is  equivalent  to  1.40  g,  of 
plperidlBlua  chloride  In  the  olrlgloal  nrecl^tate  of  salts. 
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The  filtrate  (l)  vae  alleged  to  stand  at  room  temperature  for  another 
uayj'rio  rurihex-  prei;ipitatioD  of  salT  vas  oDserred,  The  filtrate  vas 
concentrated  at  reduced  pressure;  a residual  oil  remained  vhich  contained 
some  crystals  and  weighed  21.2  g.  The  residue  was  extracted  with  a mixture 
of  water  and  ether;  the  aqueous  extract  was  then  diluted  with  water  to 
a stock  volume  of  1000  ml.  The  solution  vas  then  rediluted^  1:1000^  and 
analyzed  spectrcphotometricslly.  Ultra-violet  analysis  of  the  rediluted 
mixture  indicated  that  the  stock  solution  contained  piper idinium 
lil-dinitroethane  in  0.0245  M concentration  (equivalent  to  5.01  g.).  The 
remainder  of  the  stock  solution  was  treated  with  silver  nitrate  (as 
outlined  above),  and  0.96  g.  of  silver  chloride  waj  obtained.  The  silver 
chloride  isolated  is  equivalent  to  0.6l  g.  of  piperldiniua  chloride. 

The  ether  extract  (from  the  residual  oil),  after  removal  of  the 
solvent,  vae  vacuum  distilled.  The  forerun  vaa  lachrymatory  l-chloro-1,1- 
dinltfoethane  (l.O  g.},  b.p.  ^-6l°  (22  mm.).  The  distillates;  Fractions  2 
(1.9S  g.|  b.p.  72-85°  (5  mm.),  ng°  i.WUo)  and  5 (2.98  g.,  b.p.  85-880 
(3  mm.),  ngp  1.4891)^  and  the  residue  (5.0  g.)  were  not  identified  further. 


The  products  of  reaction  of  l-chloro-l,l-dinitroethane  and  piperidine 
are  siSaarized;  piperidinium  1,1-dinltroethane  f9.25'g.,  45.6^  yield). 


pilperidinium  chloride  (^,21  g.,  20.6%  yield),  l-chlor^i.l-dinltroethane 


V 1.0  g.,  6.45%  recovery),  unidentified  distillate  (4.^0  g7)  and  unidentified 
residue  (3.0  g.).  The  total  weight  of  isolated  pr^ucts  is  20,4  g. , theory 
g.t  the  tMterlal  balance  is  62,8j. 


3.  BEACTIOH  OF  SILVER  l.l-DINITBOETHAHS  AND  o-KITROBENZimSULFEHYL  CHLORIUEt 
o-kiTfeOltam  i.l-UI^TROETHrL  SUIFIUE. 


A solution  of  silver  3 ,1-dlnltroethane  (2T.4  g.,  0.099  mole)  in 
acetonitrile  (150  ml.)  vas  added  in  45  minutes  to  o-nltrobenzenesulfenyl 
chloride  (19.0  g.,  0.10  mole)  stirred  in  acetonitrile  (15O  ml.)  at  10°. 

Heat  vas  evolved  Hhe  temperature  rose  slowly  to  ca.  30°)  and  silver  chloride 
immediately^  precipitated.  After  the  mixture  had  stirred  for  10  hours, 
the  silver  chloride  vas  filtered,  washed  with  acstonltrlle  and  dried  at  120° 
for  three  hours;  recovery  = 12.6  g.  (theoretical  yield,  l4,19  g.).  The 
filtrate  vas  evaporated  at  reduced  pressure  to  dryness.  The  crude,  sweet- 
smelling,  oily,  tan  solid  that  vas  isolated  weighed  26.4  g.  The  solid 
was  alternately  dried  on  filter  paper  and  ground  in  a mortar  to  express 
and  adsorb  the  oil.  The  dry,  tan  solid  remaining  weighed  22.9  g.;  in  a closed 
capillary,  it  began  melting  at  75°  and  decomposed  rapidly  at  l40-l45°.  The 
derivative  is  insoluble  in  water,  dilute  acid  and  dilute  alkali;  slightly 
soluble  in  ether  and  cold  9^  ethanol;  soluble  in  hot  95^t  ethanol,  carbon 
tetrachloride,  benzene,  acetone,  acetonitrile  and  glacial  acetic  acid. 


Becrystallization  of  the  derivative  (2.00  g.)  from  95)t  ethanol  (l4  ml.) 
gave  pure  o-nitrophenyl  1 ,1-dinitroethyl  sulfide  (1.47  g.)  as  cream-colored 
needlets,  m.p.  80. 0-81.0^.  Evaporation  of  the  filtrate  gave  additional 
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o-nitrophenyl  1,1-dinltroethyl  sulfide  (0.27  S»t  impure). 

Anal.  Caicd.  for  CeErNaSOe:  C,  35.17?  H,  2.58?  N,  15.38j  S,  11.78. 

Found:  C,  34.79?  H,  5.00;  V,  15.54;  S,  11.72. 

4.  REAOTION  of  silver  1.1-DIHITOOPBOPAHE  AHD  o-HTEROBENZENESUlFEIin.  CHLOBIDE; 

O-WITBOFHEWYL  1. l-DIBITR0»Q.>ra0FYL  SULFIDE. 

Silver  l.l<.dinitropropane  (24.1  g.,  0.10  mole)  in  acetonitrile  (150  ml.) 
was  added  in  45  minutes  to  a stirred  solution  of  o-nitrobenzenesulfoi..yl 
chloride  (19.0  g.  . 0 10  n^ole)  in  acetonitrile  (l80  ml.)  at  20“.  Silver 
chloride  immed.i.ate].y  precipitated  from  the  solution.  After  anlrring  the 
suspension  at  25°  for  4 hours,  the  salt  was  filtered,  washed  with  aceto- 
nitrile and  ether,  then  dried  in  an  oven  at  90°  for  5 hours.  The  recovery 
of  silver  chloride  wnc  14,36  g.  (theoretical  yield  s l4,33  g.)«  The 
filtrate  was  evaporated  at  reduced  pressure  to  dryness.  The  crude,  crystalline 
residue  weighed  29.0  g.;  four  days  of  drying  on  filter  paper  hro’^ht  its 
weight  down  to  28.6  g.  The  theoretical  yield  of  o-nitrophenyl  l.i-dinltro- 
n-pfopyl  sulfide  is  28.7  g.  Recrystallization  of  the  derivative  (21., 9 g.) 
from  ethanol  (l60  ml.)  gave  o-nitrophenyl  i,> dinltrr-n-propyl  sulfide 
(17.25  g.)  as  cream-colored  needlets,  m.p.  90.5-91.5°. 

Anal.  Calcd.  for  CsHgNaSOotC,  37.63?  H,  3.l6;  N,  14.63?  S,  11. 16. 

Found;  C,  37.75?  H,  3.27?  N,  14,62;  S,  11.17. 

5 . RFAOTION  CF  2-KITRO-lrSI7rjar5  AND  METHAMOU  l-Ml!TH0rr-2-.yiTR0BUTAME. 

2-Nitro-l-bxitene  (25  g.,  0.25  mole)  was  added  over  a period  of  45 
minutes  to  a stirred  solution  of  sodium  methoxide  in  methanol  (5.75  g.> 

0.25  uole  of  sodium  in  125  ml,  of  methanol)  at  room  temperature.  Stirring 
was  Continued  for  3 hours  following  the  complete  addition  of  the  nitro- 
olefin.  The  solution  was  dilirted  with  water  (25O  ml.),  neutralized  with 
305&  acetic  acid,  and  extracted  4 times  with  ether.  These  extracts  were 
Combined  and  dried  over  anhydrous  sodium  sulfate.  The  solvent  was  removed 
under  reduced  pressure  and  the  residue  was  distilled?  l-methoxy-P-nltrohutane 
(18.9  g.)  was  produced  in  57^  crude  yield  (b.p.  79.8-83.0®  ^12  tamlD). 
Redlstillatlon  in  a small  column  gave  a 48^  yield  of  pure  l-methoxy-2- 
nltrocutane  (b.p.  75.2°(ll  mm.),  1.4201,  d|®  1,0572). 

Calcd  for  C5H11NO3;  C,  45.11;  H,  8,27;  N,  10.52. 

Found:  C,  45.31;  H,  8.4l?  N,  10.50. 

The  infrared  spectrum  of  the  pure  product  indicates  absorption  for 
BoncnitroJ  (6.4  microns)  and  ether  (9.0  microns)  groups. 
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6 . OXIBATIVB-MITRATIOW  OF  l-4>im0XT->2-l!ta!R0BOTANE;  lrMgTH0rf~2,2  -I)INITR0BUTAME , 

l-i»oluwiy»2"ui-tr«/Du-teine  (6. op  g»>  O.Op  cole)  waa  dissoived  in  a cold 
solution  of  sodium  hydroxide  (2*1  g,,  0,052  mole^  and  Bodirm  nitrite 
(3>7  e-f  0.05  mcla^  97^  assay)  in  water  (30  ml.)  and  methanol  (50  ml.). 

This  solution  was  poured  directly  into  aqueous  sllve?  nitrate  (17.0  g., 

0,1  mole  in  50  ml.  of  water)  which  had  been  cooled  to  0°.  After  stirring 
for  2 hours,  aqueous  sodium  chloride  (lO  ml.)  was  added.  The  precipitate 
was  filtered  and  washed  with  ether.  The  layers  in  the  filtrate  were 
separated,  and  the  water  layer  was  washed  3 times  with  ether.  The  extracts 
were  combined  wJ.th  the  ether  layer,  washed  with  saturated  sodlvoB  chloride 
solution,  and  dried  over  Drlerlte.  Solvent  was  removed  and  the  residue 
was  distilled,  A crude  yield  of  of  l-nethoxy-‘2 ,2-dinitrobutcne  (^»P» 
60.5-62,5®/i.5  tam.,  7.75  g.)  vaa  obtained^  Hedlst illation  of  the  crude 
material  gave  pure  l-coth-oxr'-fl , 2 •«: :.o i<.rpbut .an»  (b.p,  67.2°/(3  mffi.),  5.**^  g./ 

1.»»345,  d|g  1.2107,  6l^t). 

Anal.  Caicd.  for  C5H10H2O5:  C,  53.71>  H,  5.62j  N,  15.755  MRd,  38.38. 

Found:  G,  33.70,  33.8O5  H,  5.69,  5.55; 

H,  15.71,  15.72;  MRd>  38.33. 

The  infrared  spectra  of  the  product  exhibits  characteristic  absorption 
for  gem^dinitro  (6.3  microns)  and  ether  (9.0  microns)  groups. 

7.  REACTION  OF  AHILIHE  ARP  2-NITRO-l«BOTENEt  2-NITR0.-1-PHEKYT.AMIW0BUTAKE. 

Aniline  (22,0  g, , 0,257  mole)  was  added  dropvlse  to  well-stlrrod 
2-nltro-l -butene  (25. 0 g,,  0,25  mole)  at  temperatures  belcw  30®,  A solution 
of  the  resulting  yellow  solid  in  dry  ether  (250  ml.)  was  then  dropped 
Into  Cold  ethereal  hydrogen  chloride  (250  ml,).  The  amine  hydrochloride 
that  precipitated  was  triturated  twice  with  methanol- ether  (l:2)  and 
filtered.  A crude  yield  of  67  g.  of  2-nitro-l-phenylamlnobutane  hydro- 
chloride was  obtained,  m.p,  131-135®, 


The  hydrochloride  was  dissolved  in  water  (5OO  ml.)  and  converted  to 
the  free  amine  by  the  addition  of  dilute  sodliun  carbonate.  The  basic 
solution  was  extracted  3 times  with  ether.  The  extracts  were  combined, 
dried  over  sodium  sulfate,  and  concentrated  under  reduced  pressure.  Upon 
distillation  under  nitrogen  atmosphere^the  residue  gave  crude  2-nltro-l- 
phenylamlnobutane  (35.8  g.,  b.p,  13^-137®(l.5  mm.),  78^6  yield)  as  a yellow  oil. 
Bedlstlllatlon  of  the  product  yielded  pure  2-nltro-l-phenyIamlnobutane: 
b.p,  121°(0.1  mm.),  n£°  1.5>*67,  d|g  1.1128,  yield  of  70^. 

Anal.  Caicd.  for  CioHi4lfe02:  C,  61.86;  H,  7.22j  N,  l^.hhj  MR^  55.67. 

Found:  C,  62.15;  H,  7.27;  N,  l4.8i>  MRd  55.26, 


Infrared  analysis  of-  the  product  shows  the  presence  of  amine  (2.95  and 
6,16  microns),  mononitro  (6,4  microns)  and  phenyl  (I3.25  and  14,5  microns) 
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8,  omATTVE-WITRATIOH  07  2»im5W-»l-PHmiAMIN0BOTAHEx  2.g~I)I«ITR0»l- 
PHBnriiMflHOBOTAHE . 

2->lfltro-l-phen7lamla6butane  (4«65  0.025  mole)  vaa  dissolved  In  a 

cold  solution  of  sodlisn  hydroxide  (1.12  g.,  0.028  mole)'  and  sodium  nitrite 
(1.72  g.,  0.025  mol«)  In  vater  (30  ml.)  and  methanol  (50  ml.).  The  mixture 
vas  poured  directly  Into  cold  aqueous  silver  nitrate  solution  (8.5 
0.05  mole  In  50  ml.  of  vater  and  100  ml.  of  ether).  After  the  mixture  had 
stirred  for  3 hours,  hrlne  (20  ml.)  vas  added,  and  the  solution  vas 
filtered.  The  silver  precipitate  vas  vashed  vlth  ether.  The  aqueous  layer 
In  the  filtrate  vas  separated  and  vashed  3 times  vlth  ether.  The  extracts 
and  the  ether  layer  vere  combined,  vashed  vlth  saturated  sodium  chloride 
solution  and  dried  over  Drlerlte.  A dark  oil  remained  after  the  solvent 
had  been  distilled  off  under  reduced  pressure.  The  oil  vas  decolorized  vlth 
charcoal  and  added  Immediately  to  ethereal  hydrogen  chloride  (25O  ml.)  at 
0°.  The  nearly-vhlte  precipitate  vas  filtered  and  dried,  yielding  the 
hydrochloride  of  2,2-»dlnltro-l-phenylamlnobutane  (3.21  g.,  m.p.  78-73°, 

^^).  This  product  decomposes  tc  a dark  oil  unless  It  Is  refrigerated. 

Anal.  Calcd.  for  C10H14N3O4CI;  C,  43.6kj  H,  5.10j  N,  15.28. 

Found:  C,  43.64,  43.69}  H,  5.37,  5.20j 

K,  15.20,  15.43. 


9.  REACTION  OF  2-NITOO-l-BOTEHE  AMD 


2-NITBO-l-BNTYL  THIOETH^. 


Sodium  methoxlde  (5.75  6.,  C.25  mole  of  sodium  In  100  ml.  of  methanol) 
vas  added  slovly  vlth  stirring  to  a solution  of  ethanethlol  (24  g.,  0.39 
male  ■ In  methanol  (60  ml.)  at  -5°.  2-Nltro-l-butene  (25  g.,  0,25  mole)  vas 
then  added  over  a period  of  45  mlnvttes.  After  an  hour  of  stirring  at  -5°, 
the  solution  vas  diluted  vlth  vater  (400  ml.)  and  acidified  vlth  30^  acetic 
acid.  The  thlonsther  vas  extracted  vlth  ether  and  dried  over  anhydrous 
sodium  sulfate.  Bemoval  of  the  solvent  and  distillation  of  the  residue 
produced  a yellov  oil  (34.1  g.,  b.p.  87.5-90.0°  (12  mm.),  84^).  Hedlstlllatloo 
on  a small  column  gave  pure  ethyl  g^nltro-l^butyl  thlo-ether  (b.p,  83.0° 

(3  mm.),  30,60  g.,  ng°  1.4752,  d^^  1.061^2,  755tT  MRp  calcd:  45.21,  fbundi 
43.14).  The  Infrared  spectra  or  the  product  exhibits  absorption  characteristics 
of  mononltro  (6.4  microns)  and  thloether  (9.0  and  11. 65  microns)  groups. 

Anal.  Calcd.  for  CoHiaNOsS:  C,  44.17}  H,  7.98}  N,  8.59. 

Found:  C,  44.36,  44.31}  H,  8.11,  8.17} 

N,  8.44,  8.52, 

10.  OIiaATIVE-HITHATION  OF  ETEYL  2-NITRO-l -BUTYL  THIOSTHER;  ATTEMPTEI) 
FBgPARATION  OF  BTan.  2 .2-j)IHmO=-l-BdlYL  OHIOBTHBR. 


2-Nltro-l-butyl  thloether  (4,17  g.,  0,0256  mole.)  vas  dropped  slowly 
Into  a Cold  solution  of  sodlxai  ^droxlde  (I'.IO  g,,  0.025  mole)  and  sodium 
nitrite  (l.90  g.,  0,027  mole',  91%  assay)  In  vater  (30  ml.)  and  methanol 
(20  ml.).  Vigorous  shaking  of  the  mixture  for  several  minutes  vas  required 
before  the  . nitrothloether  was  completely  dissolved.  The  solution  vas  then 
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poured  directly  Into  atiueous  sllrer  nitrate  (6.^  g.^  aole  In  vater 
(50  ml.)  and  ether  (lOO  ml.)  at  0®.  A black  silver  precipitate  formed 
imediately.  xhe  reaction  mixture  new  exhibited  a strong  lachrymatory  odor. 
Upon  stirring  the  reaction  mixture  for  3 hours;  no  apparent  changes  could 
be  observed.  Brine  (10  ml.)  was  added  and  the  solution  was  filtered.  The 
precipitate  was  washed  with  hot  benzene  (2  x 10  ml.)  and  ether  (3  x 20  ml.). 
The  aqueous  layer  In  the  filtrate  was  neperated  and  extracted  3 times  with 
ether.  ';?he  extracts  were  combined  with  the  ether  layer,  washed  with 
saturated  sodium  chloride  solution,  and  dried  over  anhydrous  sodium  sulfate. 
Bemoval  of  the  solvent  under  reduced  pressure  and  distillation  of  the 
residue  yielded  0.5^  g.  of  a yellow  oil  (67-85°/0*P  mm.).  Infrared  analysis 
Indicated  that  this  material  was  a mixture  of  mononltro  (6.4//  ) and 
dlnltro  (6.3/:/  ) thloethers. 

It  was  concluded  from  this  experiment  that  the  principal  portion  of  the 
starting  material  was  converted  to  2-nltro-l-butene,  apparently  at  the 
moment  of  contact  with  the  silver  nitrate  solution.  Although  the  salt  of 
ethyl  2-nltro-l-butyl  thloether  seemed  entirely  stable,  a critical  factor 
was  found  in  its  preparation.  If  the  selt  of  the  mononltro  compound  was 
not  dissolved  in  a minimum  of  solvent  (water-alcohol)  and  used  within  a 
half-hour  or  so,  after  its  preparation,  no  black  precipitate  was  formed 
upon  addition  of  sodlvun  nltrlte-sllver  nitrate  reagents. 

11.  OXIDATIVE-NITRATION  OF  4-NITB0PE!TPANALt  4,4-IHNITROPENTAWAL. 

4-Nltropentanal  (5.32  g.,  0.04l  mole,  b.p.  04-88°  (2.5  mm.),  in 
75  nl.  of  methanol)  was  dissolved  In  aqueous  sodium  hydroxide  (1.64  g., 

0.04l  mole.  In  10  ml.  water)  at  0°  (15  minutes).  Sodium  nitrite  (2.85  g., 
0.04l  mole,  97%  assay.  In  10  ml.  of  water)  was  added  and  the  solution  was 
poured  Into  stirred  aqueous  silver  nitrate  (13.94  g.,  0,002  mole,  la 
100  ml.  of  vater)  and  ether  (75  nl.)  at  0-5°,  Silver  was  deposited  very 
slowly.  After  one  hour  at  0°,  the  reaction  mixture  was  brought  to  room 
temperature  for  one  hour.  The  mixture  was  filtered  and  extracted  with 
ether.  The  ether  extracts  were  washed  wlrh  saturated  sodium  chloride  and 
then  with  water  and  dried  with  Drlerite.  Distillation  of  the  reaction 
mixture  gave  4,4-^nltropentansl  (4.43  g.,  6l.6^  theory,  b.p.  123-124.5° 

(4  mm.),  ng2  ll4o75,  d|0  i.5253;);iit.,|2  b.p.  97-97.5°  (0.8  mm.), 

^20  1.3204,  Dp  1.4650,  MBjj  (calcd.)  36.65,  MEp  (found)  36.65). 

4,4-Dlnltropontanal  was  characterized  as  its  semlcarbazone  (m.p. 
155.5-154.5°)  lit. m.p.  154.5-155.5°)  and  Its  p-nltrophenylhydrazone 
(m.p.  142-143°)  llt.,^  ta.p.  I4l-l42°). 

12.  OXIDATIVE-NITRATION  OF  L.l.i.2,2.^ .^-H£FTAFLlX)R0-s-NITROHEPTANE: 

1 . 1 . 1 .2 .2 .3 .3-HEPEAFLtX)B0-  g . S-DINIISOBBFTANE . 

ljl,l,2,2,3-3-Feptafluoro-5-nltroheptane  (4.75  g.,  0.017  mole)  In 
methanol  ^50  ml.)  was  slowly  mixed  with  aqueous  sodium  hydroxide  (0.72  g., 
0.018  mole.  In  20  ml.  of  water)  at  10°  and  the  solution  was  allowed  to  stand 
for  10  minutes.  Sodium  nitrite  (l,25  g.,  O.OI8  mole)  was  added  and  the 
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cooled  aolutlon  wae  poured  into  atlrred  sllrer  nitrate  (6,12  g,,  0,036  mole) 
in  water  (75  ol.)  and  ether  (lOO  ml,)  at  5®»  After  30  minutes  the  cooling 
hath  was  x-emovod  tiad  tbo  reaction  mixture  wae  stirred  at  room  tempeiTiture 
for  2 hours.  Brine  (3  nl,)  was  added,  and  the  mixture  was  filtered  by 
suction.  The  silver  deposit  was  washed  liberally  with  ether,  and  the  aqueous 
layer  was  extracted  several  times  with  ether.  The  combined  ether  washings 
and  extracts  were  washed  with  water,  brine  and  dried  over  Drierite.  After 
ether  had  been  distilled,  the  crude  product  was  distilled  at  reduced 
pressure,  giving  l,l,l,2,2,3<5‘‘^^Pfc^^^^oro-5j5~^^-P^troheptanet  Fraction  1, 
0,68  g,,  b.p,  48-52°  (2  mm.),  n^  1.3^fi,  Fraction  2,  3,^  g.,  b.p.  52-55° 

(2  mm,),  n^  I.366O,  total  yield,  4,02  g.,  74. 9^^  theory.  Bedistllled 
l,l,l,2,2,3,3-heptafluoro-5,5  dlnitroheptane  has  the  following  physical 
PiOperties:  b.p.  73°  (9  mm.),  n§®  I.3708,  d|3  1.5302,  MBj)  (calcd.)  46.46, 
MRd  (found)  46,58,  Infrared  analysis  of  the  heptafluorodlnltroaltene  showed 
the  dinitro  absorption  band  at  6.25  microns  instead  of  the  usual  6.3  microns 
for  gem-dinitroalkanes . 

Anal.  Calcd.  for  C7H7F7N2O4:  C,  26.59;-  H,  2.23;  N,  8.86. 

Found!  C,  26.85;  H,  2.34;  N,  8.97. 


13.  BEACTTOW  of  1-BRQM0-2-PEEWYLETHAME  AND  SILVER  NITRITE;  l-KITRQ-2- 

PaSNYLETHANE. 

Silver  nitrtte  (40  g.,  0.26  mole)  was  introduced  into  a one  liter,  round- 
bottomed  flask,  equipped  with  a condenser,  a stirrer  and  a dropping  funnel. 

The  mixture  was  cooled  to  0°  and  l-hromo-2-phenylothane  (51.59  g.#  O.17  mole) 
was  added  dropwise  in  one  hour.  The  reaction  mixture  was  stirred  at  0°  for 
5 hours  and  then  left  to  stir  overnight  at  room  temperature.  After  heating 
the  mixture  for  5 hours  on  a steam  bath,  ethyl  ether  (150  ml.)  was  added  and 
the  silver  bromide  wae  filtered  by  suction.  Vacuum  distillation  of  the 
solution  gave  the  following  fractions:  Fraction  1,  3.55  g.,  b.p,  45-55° 

(1.5  mm.),  d|°  1.0658;  Fraction  2,  2.10  g.,  b.p.  65-70°  (1.5  mm.), 
d|3  I.O68O;  Fraction  3,  3.45  g.,  b.p,  70-77°(l.5  mm,),  d^^  1 • 0857 J 
Fraction  4,  12,00  g.,  b.p.  77-85°  (1.5  mm,),  d|^  1.1354.  Rectification  of 
Fraction  4 ln_a  helix-packed  column  (I.5  x 15  cm.)  gave  l-nitrp-2-pheny].ethane 
11.25  g.,  43.6^  yield,  b.p.  88-89°  (2  mm,),  n|2  3,, 5258,  ' d|§  1.1259; 

MRp  (calcd.)  41.37,  MRd  (found)  Ul.27j  Ut.^J  b.p.  74.5-75.5®  (0.5  mm.), 

1.5273,  4o  1.1225. 


14.  OXIDATIVE-NITRATION  OF  l-NITB0-2-PHEyYL5THANEt  l.l-nDriTRO-2-PHEKYLgTHAira!. 

l-Nltro-2-;toenylethane  (5.54  g.,  0,057  mole,  b.p.  88-69°  (3  mm.), 

d^o  1.1259)  in  methanol  (40  ml.)  was  added  slowly  to  aqueous  sodium 
hydroxide  (l,52  g.,  O.038  mole)  in  20  ml,  of  water;  the  solution  was  allowed 
to  stand  for  one  half  hour  below  10°,  Sodium  nitrite  (2,62  g,,  0,038  mole) 
in  10  ml.  of  water  was  added  and  the  mixture  was  cooled  In  an  ice-bath,  Tne 
yellow  solution  was  poured  rapidly  into  a stirred  solution  of  silver  nitrate 
(11,92  g.,  0,076  mole)  in  water  (lOO  ml.)  and  ethyl  ether  (lOO  ml.)  at  0°, 
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After  y>  minutes  the  cooling  bath  vas  removed  and  the  reaction  mixture  vae 
stirred  at  room  temperature  for  2 hours.  The  deposition  of  sliver  during 
OTldBtlve~nltr«tlon  imii  vwry  'R'rino  5I1)  v??  "dd?"?*  the  sliirtvire 

vas  filtered  by  suction.  The  silver  deposit  vae  vashed  liberally  vlth 
ether.  The  ether  extracts  vere  combined,  vashed  vlth  saturated  sodium 
chloride  solution  and  vater,  dried  vlth  Drlerlte,  filtered,  and  then  evaporated. 
A crystalline  residue  remained  vhlch  upon  recrystalllzatlon  from  petroleum 
ether  gave  1 , l-dlnltro-2-pheoyletbane  3.97  g.,  54.7^t  yield,  a. p.  *0.-42°, 

Infrared  absorption  for  gem-din Itro  group  at  6.3  microns. 

Anal.  Caicd.  for  CeHalfeO*:  C,  48.98;  H,  4.11;  N,  14.28. 

Found;  C,  49.21;  H,  3.8l;  N,  l4.30. 

Potassium  l,l-dlnltro-2-phenylethane  (0,626  g.,  0.0022  mole,  87.7^ 
theory)  vae  obtained  as  a yellov  salt  by  treating  l,l-dinltro-2-phenylethane 
(0.398  g.,  0.0031  mole)  In  methanol  (10  ml.)  vlth  methanolic  potassium 
hydroxide.  The  precipitated  potassium  salt  vae  filtered,  vashed  several 
times  vlth  ethyl  ether,  dec.  range,  143-150°.  Solubility  of  potassium 
l,l-dlnltro-2-phenylethane  In  vater,  1 part  to  7.01  parts  vator. 

Silver  l,li^dlnltro-2-phenylethane  vas  obtained  as  a vater- Insoluble 
grayish  yell<^  solid  (0.435  0.0014  mole,  92.0^  theory)  on  mixing  aqueous 

solution  of  potassium  l,l-dlnltro-2-phenyl3thane  (O.365  g.,  O.O16  mole)  and 
silver  nitrate;  dec.  range,  l40-l4o°,  at  vhlch  silver  oalt  began  to  deposit 
silver  mirror. 

15.  071DATITE-HITPATI0N  OF  NITROCTCLOPBaTOANE;  DINTTROCYCLOPEirrAME. 

KltroCyclopectane  (7.22  g-v,  0.063  mole)  In  methanol  (lOO  ml.)  vas 
slovlv  mixed  vlth  aqueous  sodlx’m  hydroxide  (2.6  g,,  O.O65  mole.  In  15  ml, 
vater;  and  the  solution  vas  ell  owed  to  stand  for  15  minutes  below  15°, 

Sodium  nitrite  (4.5  g.,  0,065  mole.  In  15  ml.  of  rater)  was  added  and  the 
mlxttire  vas  cooled  In  an  ice-bath  and  poured  Into  stirred  silver  nitrate 
(22.10  g.,  0,13  mole.  In  100  ml,  of  water),  aqueous  sodium  hydroxide  (5^^, 

1 drop),  and  ether  (100  nl.).  After  30  minutes  the  cooling  bath  was  removed 
and  left  stirring  for  an  add±tiiJOtil4  hours.  Silver  deposition  was  very 
slow;  brine  (5  ml,)  vae  added  and  the  mixture  filtered  by  suction.  The 
combined  ether  washings  vere  washed  vlth  saturated  sodium  chloride,  vlth 
water  and  dried  with  Drlerlte.  Distillation  under  reduced  preswre  gave 
dlnltrocyclopontane  (5.63  g.,  55»8^t  theory,  b.p.  78°  (2  mm.),  n^  1.4655^ 

1.2809).  Eectlfioatlon  of  the  dinltrocyclopentane  In  a helix- packed 
column  (1,5  X 13  gave  a product  of  the  following  properties: 
b.p,  800  (2  mm.).  Up  1.4668,  dgQ  1.2810,  KRp  (caicd.)  3'-».605,  MRp  (found) 

54.65. 


Anal.  Caicd.  for  C5HBH2O4:  C,  37.50;  H>  5.04i  N,  17.49. 

Found;  C,  37.80;  H,  5.17;  N,  17.l4. 

CONFIDENTIAL 
SECURITY  INFORMATION 


CONFIDENTIAL 

SECURITY  INFORMATION  a. 

16.  OXIDATIVE-^JITRATION  OF  2.2-DIMEIgY^l-HITROPROPANE;  2 .2--DIME!ffiYIr- 
1 , i-^IHrEF.OEKOFAN£  ( IhgROViiD  X£E3i) ) , . - ....  . . - C . . 

2-^ethyl— l-nitroprouane  (9.56  a.  0.08l  In  methanol  (50  ml.) 

was  added  to  aqueous  sodium  hydroxide  (4.2  g. , 0.11  mole,  in  20  ml.  water) 
a'j  0°.  Sodium  nitrite  (7.5  g.,  0.11  mole,  97^  assay)  was  added  and  the 
solution  was  poured  into  stirred  aqueous  silver  niti'ate  (?4.0  g. , 0.20  mole, 
in  150  ml.  water)  and  ether  (100  ml.)  at  0-5°.  Silver  deposits  were  formed 
rather  rapidly.  After  one  hour  brine  (5  ml.)  was  added;  the  mixture  was 
left  overni^t  since  it  was  difficult  to  filter  the  finely  divided  silver 
precipitate.  The  mixt\ire  was  filtered  through  a layer  of  Cellte  and  washed 
with  additional  ether.  The  combined  ether  extracts  were  dried  with 
Drierlte  and  evaporated,  leaving  an  oily  mess  which  was  purified  by 
recrystallization  from  Skellysolve  F,  followed  by  sublimation  to  give 
2 .2~dlmethyl— 1 , 1-dinitropropane  (7.35  55*55^  theory,  m.p.  64-65°; 

lit,,-^G  m.p.  64.5-65“)-1  .... 


I 
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17.  OXIDATIVB^ITRATIOH  OF  CYCLOHEXYLNITROMgrHAWE;  CYCLOHEXYLDIHITROMErHAKE 

Tr-iPROVED.Ymj)r  • - - . 

Cyclohexylnitromethane  (5-20  g.,  O.036  mole,  n£°  1.4635,  d|8  1.0405; 
obtained  from  Dr.  N.  Kornblum)  in  methanol  (70  ml.)  was  slowly  added  to  aqueous 
sodium  hydroxide  (1.52  g. , O.O38  mole,  97?6  assay,  in  15  ml.  water)  and  the  solu- 
tion allowed  to  stand  for  half  an  hour  below  15°.  Sodium  nitrite  (2.62  g., 
0.038  mole,  97^  assay,  in  7 ml-  of  water)  was  added  and  the  mixture  was  cooled 
in  an  ice-bath  and  poured  rapidly  into  a stined  solution  of  silver  nitrate 
(12.9  g->  0.076  mole,  in  50  ml.  vrater)  and  ether  (75  ml-)  at  0°.  After  30 
minutes  the  cooling  bath  was  removed;  brine  (5  ml.)  was  added,  and  the  mix- 
ture was  filtered  by  suction.  The  silver  deposit  was  washed  repeatedly 


er;  the  etnsr  layer  in  uuc  xxxoxavc  mao  ocfcuoi-eu  ana  buc  av^ucuuD 


layer  was  washed  with  ether.  The  ether  washings  were  combined,  washed  with 
brine,  water,  and  dried  with  Drlerite.  Distillation  imder  reduced  pressure 
gave  cyclobexy Id inltrome thane  (4.72  g.,  69.?^  yield),  b.p.  94°  (2  mm.), 
ng°  1.4767, CdgS. .1.2129, -Me-icalcd.)  44.79#  (found)  43.82. 

Anal.  Calcd.  for  CyHiaNaOij:  C,  44.67;  H,  6.43;  N,  14.89. 

Found:  C,  44.87,  44.93;  H,  6.69,  6.45; 

N,  14.82,  14.98. 

IC.  REACTION  OF  SILVER  NITRITE  AND  ETHYL  3-BROMOBUTraATE;  ETHYL  3-NITROBUTYRATE. 


Silver  nitrite  (6I.6  g.,  0.40  mole)  was  introduced  into  a one  liter, 
round  bottomed  flask,  equipped  with  a condenser,  a stirrer  and  a dropping 
funnel.  The  flask  was  cooled  to  0°  and  ethyl  3'^*’omobutyrate  (60  g. , 0.3I  mole, 
b.p.  67-66°  (6  mm.),  np  1.4472,  d|S  1-3366,  Sapcn  Laboratories,  Inc.)  was 
added  dropwise  in  one  hour.  The  mixture  was  then  stirred  at  0°  for  4 hours. 

The  mlxtiore  was  left  overnight  at  room  temperature  and  then  heated  at  70°  for 
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7 hours.  Ethyl  ether  (l^  ml.)  vas  added  and  the  sllTer  bromide  vas 
filtered  by  suction.  Vacuum  distillation  of  the  reaction  mixture  gave  the 
following  fraction**  1^.$  b.p.  52-^55°  (3  =.)/  l.LlSS, 

d|3  1.0584,  Fraction  2,  13.8  g.,  b.p.  60-70°  (3  am.),  ^ 1.4205, 

d|g  1.1400,  Fraction  3,  7.7  g.,  b.p.  70-77°  (3  aan.),  l.l4o8,  d^  l.l408. 

Fraction  4,  6.5  g.,  pot  residue.  Fraction  3 vas  rectified  In  a helix-packed 
column  (1.5  x 13  cm.;  to  yield  ethyl  3-nltrobutyrate , 7.2  g.,  l4^t  yield, 

b.p.  72-75°  (2  am.),  nj^  i.424l,  d|®  l.l408,  MRp  (calcd.)  37.15,  MRp  (found) 
56.06.  Infrared  analysis  of  the  product  shewed  the  usual  mononltro 
absorption  at  6.4  microns,  and  strong  nitrate  absorption  at  6.1  microns. 

Anal.  Calcd.  for  CeHuHO*:  C,  44.71}  H,  6.88}  N,  8.69. 

Found:  C,  44.46}  H,  6.65}  N,  8.49. 

Fraction  2 (13.8  g.,  b.p.  60-70°  (3  mm.),  n|9  1,4205,  d|°  l,l400)  vas  also 
rectified  In  a helix-packed  column  (I.5  x 13  cm.)  to  yield  nearly  pure 
ethyl  3-nltrobutyrate  (5.6  g.,  11^6  ^eld,  b.p,  69-70°  (2  am.),  ^5  1.4236, 

d|^  1.138).  Infrared  analyses  of  all  fractions  Indicated  always  • the 
presence  of  nitrate  (6.1  microns)  groups. 

19.  OPDATIVE-RITKATION  OF  ETgTL  3-NTrROBOTYBATEi  ETHYL  3.3-I>ISITR0Bt7rYBATEi 

Ethyl  3-nltrobutyrate  (4.95  g.,  0,031  mole)  in  methanol  (35  ml.)  vas 
slowly  mixed  with  aqueous  sodium  hydroxide  (1.4  g.,  0.035  mole.  In  15  ml.  of 
water)  and  the  solution  vas  allcwed  to  stand  for  15  minutes  below  15°. 

Sodium  ultrlte  (2.4  g.,  0.035  mole)  In  10  ml.  of  vater  vas  then  added.  The 
mixture  vas  cooled  In  an  Ice-bath  and  poured  Into  stirred  silver  nitrate 
(11.9  g.,  0,07  mole)  In  vater  (110  ml.)  and  ether  (lOO  ml.)  at  5°.  After 
30  minutes  the  cooling  bath  vas  removed.  The  color  of  the  reaction  mixture 
changed  from  cream  to  light  brown  to  dark  brown  to  black  with  silver  deposits 
on  the  sldoc  of  the  flask  vlthln  the  course  of  15  minutes.  Brine  (5  ml.) 
vas  added,  and  the  mixture  vss  filtered  by  suction.  After  the  silver  deposit 
had  been  washed  liberally  with  ether,  the  aqueous  layer  was  extracted  with 
ether.  The  combined  ether  washings  and  extracts  were  washed  vlth  water, 
brine  and  dried  over  Drlerlte.  After  the  ether  had  been  distilled,  the 
crude  product  was  distilled  at  reduced  pressure  to  give  ethyl  3.3-dlnltro- 
butyrate,  2.28  g,,  35. 7^  theory,  b.p,  67°  (0.5  mm.),  n^2  1.4405.  The  infrared 
spectrum  of  the  product  exhibited  absorption  at  6,3  microns  characteristic 
of  the  gem-dlnltro  group. 

Anal.  C-lcd.  for  CoHioNzOo:  C,  34.95}  H,  4.89i  N,  13.59. 

Found:  c,  35.20}  H,  5.15}  N,  15. 89. 

20.  COHEEBSATIOK  OF  HIIRCMETHABE  AND  FLOHRAL  HTDEATE;  1,1,1-TRIFLDDRO- 
5-H1TRQ..2-RR0PAH0L  (IMPROVED  FROdEDUHE)  . ~ 

Procedure  1.  A mixture  of  fluoral  hydrate  (76  5.  of  fluoral  hydrate- 
water  azeotrope,  56  g.  hydrate,  0.48  mol^,  nltroeettone  (92  g.,  1,5  mole), 

CONFIDENTIAL 
SECURITY  INFORMATION 


/Si 


. i. 


I 


9 


CONFIDENTIAL 
SECURITY  INFORMATION 


24 


and  dry  aodlin  carbonate  was  stirred  for  2 days  at  room  temperature.  The 
mixture  vas  vashed  vlth  vater  to  remove  any  remaining  base;  the  aqueous 
extracts  vere  then  extracted  vlth  ether.  The  combined  oil  and  ether 
frec+.^of!?  fivAT*  TlrlwrltAt  t.^sA  *th«r  and  nltromathana  wero  removed 

by  distillation  at  ^ mo.  The  residual  oil  vas  distilled  at  reduced  pressure 
to  give  colorless  l,l,l-trlfluoro-5-nitro-2^ropaDol  (62.36  g.,  8l^6  yield), 
b.p.  62-66°  (5.5  no.),  1.3791;  llt.^0  o20  1.3771^  47^  yield. 


x^ooedu3re  2.  The  procedure  followed  was  the  same  as  that  previously 
described  vith  the  exception  that  the  solution  was  hsated  at  ^ for  4 hours 
and  allowed  to  stand  overnight.  Bie  yield  of  l,l,l-trlfluoro-5-nltro-2- 
propanol  was  essentially  the  same  as  tl^t  of  the  previous  procedure  (64.43  g., 
8^  yield)  b.p.  62-66°  (5.5  mm.),  nS°  1.3792;  llt.^ 


1.3771. 


21.  SEACnOH  OF  1 ,i;i-gRIlTi;9RO-.jpW7t^f>-2-ra^  acetate  AHD  S0DIT3H  CABBORATEl 
ATTEMPTED  ICTPARATIok  OF  3j 3, 3-TRIFLUaRO-l-NITRO-l-EROPENE. 


ACetlc  anhydride  (4l  g.,  0.4  mole)  vas  added  dropwise  to  a stirred 
mixture  of  l,l,l-trlfluoro-3-nltro-2-propanol  (64  g.,  0.4  molo)  and 
concentrated  sulfuric  acid  (0.5  g.).  The  solution  was  heated  at  80-90° 
for  6 hours  and  then  cooled  and  poured  Into  water  (500  ml.).  The  mixture 
vas  allowed  to  stand  for  one  hour  and  then  extracted  vlth  ether;  the  ether 
extracts  vere  then  dried  over  Drlerlte.  The  ether  solution  vas  concentrated 
to  a rolume  of  15O  ml.,  and  dry  sodium  carbonate  (42  g.,  0.4  mole)  vas 
added.  The  mixture  darkened  In  color  upon  being  warmed  and  heat  vas  evolved. 
After  filtering  the  mixture  the  precipitated  cake  was  dissolved  in  water  and 
extracted  vlth  ether.  The  ether  fractions  were  combined,  dried  over  Drlerlte, 
and  then  distilled.  Distillation  of  the  lachrymatory  residual  oil  gave  a 
mobile  mlxtxire  (19.4  g.,  b.p.  55-110°)  which  could  not  be  effectively  separated 
by  rectification  In  a small  packed  column;  a viscous  dark  tar  (l4.3  g.) 
remained  as  a residue  (unMentlfled)  from  the  Initial  distillation,  (it  has 

been  nrsvloualv  ■PA'noirtBd'^^  t>iA+.  +.>i«  -raAR+.inn  TTrr»naii(;+.  rih+j»1nAi^  V'timb  •nTmanTin'r^ 


been  previously  reported that  the  reaction  product  obtained  from  phosphoric 
anhydride  and  l,l.l-trlfluoro-5-nltro-2-propanoi  could  not  oe  separated  In 
a 50  plate  column;. 


22.  REACTION  OF  l,l,l-TBI7LDDR0-3-yiTR0-2-FR0PAK0L  AHD  FHTHALiC  ANEfYDRIDE; 
5. 3. 3-TBIFLUDBO-l-NITRO-l-PROm5T 


A mixture  of  l,l,l-trlfluoro-3-nitro-2- propanol  (45.5  B.j  0.286  mole) 
and  phthallc  anhydride  (45.5  g,,  0.30  mole)  was  heated  at  l40°  until  It 
became  homogeneous  In  an  apparatus  ©quipped  for  vacuum  distillation. 

The  temperature  of  the  mixture  was  raised  to  l80°  and  the  product  mixture  of 
oil  and  vater  was  collected.  The  pressure  In  the  apparatus  was  gradually 
levered  during  the  dehydration  until  no  more  volatile  product  vas  being  formed. 
The  distillate  vas  dissolved  In  ether  and  the  water  separated;  the  ether 
solution  vas  distilled  through  a small  column.  The  reaction  product  was 
Isolated  In  the  folltwlng  fractions:  Fraction  1,  b.p.  86-87°  , 4.62  g., 

n§®  1.3605;  Fraction  2,  b.p.  87-89°,  11.37  g.,  ng°  I.3609,  Fraction  3, 


CO  NFIDENTIAL 
SECURiTY  !NF0R/\AATI0N 


0 


CONf'IDENTlAL 
SEOJRITY  INFOR^AATlON 

09-89. 5°>  3.21  g.,  1,3610.  The  product,  3# 3»3-trlfluoro-l-hltrop^ei)TOi. 

(19.20  g,,  KJit  yield,  1.5609,  d|^  1.4&5)  vas  a very  strong  lachrymator. 


Anal.  Calcd.  for  CgBaysHOa:  C,  25.53i  H,  l.>^2;  N,  9.93. 

Found;  C,  26.33; .H,  1.71;  N,  10.25. 

23.  COBDEHSATION  OF  KITBCMETHAHE  AHD  1.1.1-TBIFLUQBOACErOHEt  I-BITROhS^ 

TRiyij;(»QMgip»fe2-pro  . . ■■ 

1,1,1-Trlfluoroacetone  (25.0  al.,  30.1  g.,  0.269  mole)  vas  added 
dropwlae  with  stirring  to  nltromethane  (5OO  ml,,  565  g.,  9.2  mole)  at  0° 
containing  anhydrous  potaaslum  carbonate  (4.0  g.).  The  solution  vas  allowed 
to  warm  to  room  temperature  and  stir  for  3 days.  After  being  neutralized 
vlth  dilute  hydrochloric  acid,  the  mixture  vas  dried  first  vlth  a saturated 
salt  solution  and  then  vlth  sodium  sulphate.  After  the  nltromethane  had 
been  removed  at  reduced  pressure,  the  residual  oil  vas  vacuum  distilled  tvlce 
to  give  colorless  (24.53  g.,  53^  yield), 

b.p.  42-43°  (3  mm.),  ngO  1.3681,  d|g  1.2302. 

Anal.  Calcd.  for  C4H«iF3S03S  C,  27.75;  H,  3.49;  H,  8.09. 

Found:  C,  27.96;  H,  3.32;  N,  8.04. 

24.  EEDUOTIOH  OF  1-NITROPROPEWS  WITH  SOEIUM  TRlMEroOUBOBOETTBITE; 
1-WITOOPROPANE.  24»fETHYL-1.3-DINITR0PENTAliE  (SQMPXETED  EIPERIMiJrr) . 

« Solution  of  1-nltropropene  (15 .2  g.,  0,175  mole)  in  ethyl  ether 
(25  ml.)  vas  added  dropviee  in  70  minutes  to  a stirred  suspension  of  sodium 
trimethoxyborohydride  (33.50  g.,  0.175  ncle  + 50^t  excess)  In  ethyl  ether 
(150  ml.)  and  tetrahydrofuran  (50  ml.).  During  addition  the  reaction  mixture 
vas  kept  at  -70°  i 1°;  after  addition  vas  completed  the  mixture  vas  stirred 
for  30  minutes  at  -72°.  The  mixture  vas  then  acidified  in  1 hour  at  0°  with 
urea-acetic  acid  solution  (100  ml.).  The  mixture  vas  saturated  vlth  sodium 
chlorides  the  aqueous  layer  vas  separated  and  extracted  with  ethyl  ether 
( 100  ml.) . The  combined  ether  extract  vas  washed  vlth  saturated  sodium 
bicarbonate  solution  (2  x 200  ml.)  and  dried  over  anhydrous  sodium  sulfate. 
After  removal  of  the  sodium  sulfate  by  fftratlcn,  distillation  gave,  after 
removal  of  ether,  the  following  fractions;  (l)  1-nltropropane  (12.73  g., 

0.143  mole,  91.7?^)  as  a colorless  liquid,  b.p,  40-72'"  (100  mm.),  1.4025- 

1.4046,  d|5  1.0006;  MEtj,  (calcd.)  21.68,  KRp  (found)  21.96,  and  (2) 

2 -methyl-1, 3-dlnltrcpentane  (1.75  g.,  0.009^  mole,  11.4^)  as  a yellow-liquid, 

b.p,  105-108,5°  (2  mm,),  1.4565,  and  (3)  a residue  (0.9  g.). 

Bedistlllatlon  of  Fraction  1 ^v«  purer  1-nitropropane  in  slightly 
lower  yield,  b.p,  126-13&®,  ng^  1.4027;  llt.^^  b.p.  132,  d|°.i.003,  nl'^  1.4015 

An  infrared  spectrum  of  the  1-nltropropane  (sandwich  cell)  contained  a 
strong  band  for  the  mononltro  (6,4  microns)  group  and  no  bands  for  a carbonyl 
group  V 5.7  microns),  a mononltro  gro>ip  attached  to  an  unsaturated  carbon 
atom  (6,5  microns)  or  a carbon-carbon  double  bond  (6,0  microns). 
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The  structvire  of  l*citropropfioe  ws  proven  by  its  conversion  to 
propionaldehyde  via  the  Nef  reaction^”  followed  by  preparation  of  proplon- 
aldehyde  2,4»dinitropfaenylhydrazone,  js.p,  153»155°.  The  melting  point  of 
the  derivative  was  not  depressed  when  mixed  with  an  authentic  sample. 

Fraction  2,  crude  2«methyl-l,3*dinitropentane,  was  redistilled  twice 
to  give  Q Colorless  product  in  only  slightly  lower  yield,  b.p.  86-86.80 
(0.8  wm,),  1.4558,  d|S  1.1707?  MBj)  (calcd.)  41.31,  MR  (found)  40.89. 

Its  infrared  spectru-'  indicated  the  presence  of  aliphatic  mononitro  groups 
(C-HOz  at  6.4  microns).  The  following  analysis  was  obtained  for  2-methyl- 
1, 3‘^lnltropentane : 

Anal.  Calcd.  for  CsEizHaO*?  C,  40.90?  H,  6.67;  N,  15.90. 

Pound:  C,  4l.l6}  4l.l8?  H,  6.89,  7.11? 

N,  15.83,  15.80. 

25.  REDUOriOlC  OF  l-HTTROPBOPEaiE  WITH  UTHIIM  BOBOHYIBirgl  1-HITBOFROIARE, 

2-j<ETBTL-l,3-DIHITR0PgmAlffi  EXPEBIMEWT)  . 

A solution  of  1-nltropropene  (15.2  g.,  0.173  mole)  in  ethyl  ether  (25  ml.) 
was  added  dropwlse  in  3 hours  to  a stirred  suspension  of  lithium  borohy^ide 
(1.92  g.,  0.0^  mole)  in  ethyl  ether  (l73  ml.)  contained  in  a 5OO  ml.,  three- 
necked flask  equipped  with  a stirrer,  a dropping  funnel,  a thermometer  and 
a drying  tube.  During  addition  the  reaction  mixture  was  kept  at  -70*^  t 1*^? 
after  add.'tion  was  completed  the  mixture  was  gtirred  for  2 hours  at  -70°. 

The  mixture  was  then  acidified  in  1 hour  at  0 with  urea.acetic  acid  solution 
(l40  ml.).  The  mixture  was  transferred  to  a separatory  funnel  and  saturated 
with  sodium  Chloride:  the  aqueous  layer  was  separated  and  extracted  with 
ethyl  ether  (IQO  ml.;.  The  combined  ether  extract  was  washed  with  saturated 
Bodium  bicarbouate  solution  (2  x 200  ml.)  and  dried  over  anhydrcus  sodium 
sulfate.  After  removal  of  the  sodium  sulfate  by  filtration  and  concentration 
of  the  filtrate  on  a steam  bath,  distillation  gave:  (a)  1-nitropropane 
(7.77  g.,  0.0873  mole.  49. 91^)  as  a colorless  liquid,  b.p.  65-69.r5°  (lOO  mm.), 
°D  1«4035-1.4o45,  d|8  0.9989?  MRd  (calcd.)  21.68,  MBp  (found)  22.12? 

lit.T4t.p.  132°,  d^R  i.003,  1.4015,  (b)  Crude  2-met^l-l, 3~dipitro- 

pentane  (0.37  g.,  0.0021  mole,  2.4^)  as  a yellow  liquid,  .b.p.  ca,  .105“  (1  mm.), 

n|3  1.4577  and  (c)  a brown  residue  (0.9  g.). 

The  structure  of  1-nitropropane  was  proven  by  its  conversion  to 
propionaldehyde  via  the  Nef  reaction  followed  by  preparation  of  propion- 
aldehyde 2,4-dinitrophenylhydra2one,  m.p.  153.5-155.5°.  The  melting  point 
of  the  derivative  was  not  depressed  when  mixed  with  an  authentic  sample. 

An  infrared  spectinim  of  the  1-nltropropane  (sandwich  cell)  contained  a 
strong  band  for  the  mononitro  (6.4  microns)  group  and  no  bends  for  a carbonyl 
group  (5.7  microns),  a mononitro  group  attached  to  an  unsaturated  carbon 
atom  (6.5  microns)  or  a carbon-carbon  double  bond  (6.0  microns). 
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26.  REDUCnOH  OF  2«WITBO»l«BOrENE  WITH  SCPIIH  TRIMBrHOXYBOBOHYI3RIDE; 
?^nI^BOTAHE.  3-4CE?rHrL-53“DINI*I!R0BEFTA]!IE  (COMPLE?TED  EIPERIMEWT). 


Procedure  1.  A solution  of  2#initro-l-butene  (15.2  g.,  O.lp  ode)  in 
sthyl  ether  (25  «1»)  vas  added  dronvlse  In  70  minutes  to  a stirred  suepenslon 
of  sodlvn  trloethozyborohydrlde  (28;8  g,,  0,15  mole  plus  50^6  excess)  in 
ethyl  ether  (125  ®1.)  ®nd  tetrahydrofuran  (50  ®1.)  contained  in  a 500  cl.> 
three-necked  flask  equipped  vlth  a stirrer,  a dropping  funnel,  a thermometer 
and  a drying  tube.  During  addition  the  reaction  mixture  vas  kept  at  -60  to 
-65°..  The  mixture  vas  then  acidified  in  one  hour  at  0°  vlth  urea-acetic  acid 
solution  (100  ml.).  The  mixture  vas  transferred  to  a separatory  funnel  and 
saturated  vlth  sodium  chloride;  the  aqueous  layer  vas  separated  and  extracted 
vlth  ethyl  other  (lOO  ml,).  The  combined  ether  extract  vas  vashed  vlth 
saturated  sodium  bicarbonate  solution  (2  x 200  al.)  and  drlel  over  anhydrous 
sodium  sulfate.  After  removal  of  the  sodium  sulfate  by  filtration  and 
evaporation  of  the  solvent  on  a steam  bath,  distillation  of  the  product 
gave  the  follovlng  fractions:  (l)  2-nltrobutane  (6.95  g.,  0.0675 
as  a colorless  liquid,  b.p,  60-70°  (80  mm.),  n^®  1.40h8-1.4050,  d^  0,9652; 
MRd  (calcd.)  26.33,  MBjj  (found)  26.19|  llt.^5  b.p.  l40°,  d|g  0.988,  n^  1.4036, 
and  (2)  3-metl^l-3,5-dlnltroheptane  (5.34  g,,  0.0262  mole,  35^^)/  T^.P*  86-90° 
(0.5  mm.),  n|^  1.4568.1.4577  and  (3)  a residue  U.3  g.). 

An  Infrared  spectrum  of  Fraction  1.  2-nitrooutane  (sandwich  cell). 
Contained  a strong  band  for  an  aliphatic  mononltro  group  (6.4  microns); 
no  other  functional  groups  were  evident.  The  structure  of  2-nltrobutaae 
was  established  by  its  conversion  to  methyl  ethyl  ketone  via  the  Nef  reaction 
followed  by  preparation  of  methyl  ethyl  ketone  2, 4-din itrophenylhydra zone, 
ffl.p.  113.5-11**°.  The  melting  point  .of  ite  Privative  vas’ilH'  iepreuased.  when 
mixed  with  an  authentic  sample. 

Bedistlllatlon  of  Fraction  2 gave  purer  3-methyl-3>5-clcltroheptane  in 
slightly  lower  yield,  b.p.  7S-6l°  (0.7  mm.),  ngO  1.4575^  <j|g  i,H24; 

MRp  (calcd.)  50.61,  MEp  (found)  50. 03.  An  Infrared  spectrum  of  the  3-methyl- 
3,5-<iinitroheptano  contained  a strong  band  for  a mononltro  group  (6,4  microns) 
and  a very  veak  band  for  a carbonyl  group  (5.6  microns).  The  following 
analyBis  vas  obtained  for  the  3-oethyl-5,5-dinltroheptane: 

Anal.  Calcd.  for  CcHioN204;  C,  47.05;  H,  7.90;  N,  13.70. 

Found;  C,  47.95,  48.01;  H,  7.90,  7.70; 

N,  13.50,  13.35. 

A derivative  of  5-methyl-3,5-dinltroheptano  was  prepared  by  its 
Conversion  to  3-methyl-5-nitro-5-heptanone  via  the  Nef  reaction  followed  by 
preparation  of  3-metayl-3-ultro-5-heptaDODe  2.4-dinitrophenylhydrazone, 

B.p.  131.5-132,5^. 

Anal.  Calcd.  for  C14H19N5O0;  C,  47.59;  H,  5.42;  N,  19.82. 

Found;  47.48;  H,  5.29;  N,  19.96. 
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Procedure  2.  The  experiment  vas  conducted  as  above  except  2-nltro-l- 
butene  (l2.1  g,,  0,12  mole)  was  added  to  sodium  trimethoxyborbhydrlde 
(16,9  0*12  mole  + 10^)  In  70  minutes  at  -55  -60°;  after  addition  was 

completed  the  mixture  was  stirred  for  50  minutes  at  -60'^,  The  ether  extract 
was  also  unshed  with  saturated  sodlxim  bisulfite  solution  (5  x 150  ml.). 
Dldllllatiou  01  the  produux  gave  i (a;  2-nixrobuuane  &•)  0,0557  mole, 

29. 7i^)  as  a colorless  liquid^  b.p.  M»-62®  (60  mm.);  n£°  l.**047-l.*^055# 

(b)  5<^ethyl-5#5“dlnltroheptane  (5.65  g./  0,0277  mole,  U6,2^6)  as  a yellow 
liquid,  b.p,  99-100°  (l  mm.),  n§®  l.**-559-l.**-560,  and  (c)  a residue  (l.l  g.). 

Procedure  5.  The  experiment  was  conducted  as  previously  (Procedure  l) 
except  the  2-)altro-l-butene  was  added  dropwlse  In  1,5  hours  to  sodlijo  trl- 
methoxyborohydrlde  (21.1  g.,  O.15  mole  + 10^  exceas).  During  addition  the 
reaction  mixture  was  kept  at  -1  to  “2°»  after  addition  was  completed  the 
mixture  was  stirred  for  1,5  hours  at  0°,  The  ether  extract  was  also  washed 
with  sodium  bisulfite  solution  (3  x I50  ml,).  Distillation  of  the  product 
gave:  (a)  2-nltrobutane  (l,U2  g.,  0,0138  mole,  9,21^)  as  a pale  yellow  liquid, 
b,p.  ^5-53°  (50  mo,),  l,Uo48-l,Uo6l,  (b)  3-methyl-3,5-dlnltroheptane 
(0.77  g,,  0,00377  mole,  5*03^)  >i9  an  amber  liquid,  b.p,  1*0-90°  (0,6  mm.). 


1.1*570  and  (c)  a residue  (l0.4l  g.). 

RgDDCTIOW  OF  2-NITRO-i-Bt7TENE  WITH  LITHIW  BOPOHYDBIDE; 
3^<ETHYL-3,5-IjIHITROHEFTANE  (COMPLETED  ZZPERIMEiiT) . 


P-NirSOBUTANE, 


Procedure  1.  A solution  of  2-nltro-l-butene  (15,2  g.,  0,15  mole)  In 
ethyl  ether  (25  ml,)  was  added  dropwlse  in  3 hours  to  a stirred  suspension 
of  lithium  borohydrlde  (1.72  g.,  0,075  mole  + 5^^)  in  ethyl  ether  (125  ml.) 
and  tetrahydrofuran  (50  ml.)  contained  In  a 500  ml.,  three-necked  flask 
equipped  with  a stirrer,  a dropping  funnel,  a thermometer  and  a drying  tube. 
During  addition  the  reaction  mixture  was  kept  at  -68  to  =70°;  after  addition 
was  completed  the  mixture  •vras  stirred  for  2,5  hours  at  -70°,  The  mixture 
was  then  acidified  In  one  hour  at  0°  with  u'jrca-acetlc  acid  solution  (75  ml,). 
The  mixture  was  transferrf?c.  to  a separatory  fimnel  and  saturatf.  1 with  sodium 
Chloride:  the  aqueous  layor  wac  separated  aud  extracted  with  ethyl  ether 
(iCO  ml,).  The  ether  extract  was  washed  with  saturated  sodium  bicarbonate 
solution  (2  X 200  ml.)  and  dried  over  anhydrous  sodium  sulfate.  After  removal 
of  the  sodium  sulfate  by  filtration  and  removal  of  the  solvent  on  a steam 
bath,  distillation  of  the  product  gave:  (l)  2-nitrobutane  (9.17  g,^  0,089  mole, 
59. 3^)  as  a colorless  liquid,  b.p.  67-70°  (60  mm.),  ng^  1.4056-1.1*098, 

d|§  0.968;  MRj)  (calcd.)  26.33,  MRp  (found)  26.50,  llt.^5  b.p.  l4o°, 

^20  0,968,  ng®  1.4056,  (2)  5“Cicthyl-5,5-dinitroheptane  (2.16  g.,  O.OIO6  mole, 
l4.2)t),  b.p.  72-92°  (1.4  mm.),  ng^l.4564,  and  (3)  a brown  residue  (1.4  g.). 

Bedlstillatlon  of  Fraction  1 gave  vepr  pure  colorless  2-nltrobutane, 
b.p.  156-157®  (742  nm.),  1.5053;  liti-5^  b.p.  l40o,  ng®  1.4036.  Its 

infrared  spectrvim  (sandwich  cell)  contained  a strong  band  for  the  mononitro 
(6.4  microns)  group  and  no  bands  for  a carbonyl  group  (5.7  microns),  a mono- 
nitro group  attached  to  an  unsaturated  carbon  atom  (6,5  microns)  or  a carbon- 
carbon  double  bond  (6.6  microns). 
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The  structure  of  2-nitrobutane  was  proven  by  Its  conversion  to  methyl  ethyl 
het'^ne  via  the  Nef  reaction^®  followed  by  preparation  of  methyl  ethyl  ketone 
2 ,U-dinitrophenylhydrazone , m.p.  115-116.5°.  The  melting  point  of  the 
derivative  was  not  depressed  when  mixed  with  an  authentic  sample. 

Procedure  2.  - The  experiment  was  conducted  as  above  except  0,06  g., 

0.057^  mole  of  lithium  borohydride  was  used.  Distillation  of  the  product 
gave:  (a)  2-nitro-l-butene  (3.60  g.^  0.0356  m.,  23.7^t)  and  2-nitrobutane 
(6.03  g.,  0.0585  molej  391^)  as  a mixture  (analyzed  by  refractive  index), 

53-70°  (82-83  mm,),  (b)  crude  3-methyl- 3»5-dlnitroheptane  (l,4l  g,, 

0,0069  mole,  9.2^t),  b.p.  55-92°  (1.3  mm.),  n®^  I.U525,  and  (c)  a brown 
residue  (1.6  g.). 

Procedure  3.  - The  experiment  was  conducted  as  above  (Procedure  l) 
except  the  P-t/ltro-l-butene  solution  was  added  to  lithium  borohydride 
(0.66  g.,  0.0375  mole)  in  I.5  hours.  During  addition  the  mixture  was  kept 
at  -1  to  •fl°;  after  addition  was  completed  the  mixture  was  stirred  for  1 hour 
at  0®,  Distillation  of  the  product  gave:  (a)  2-nitro-l-butene  (3»07  g., 

0,0304  mole,  20,3^t)  and  2-nitrobutane  (2.50  g,,  0,02^3  mole,  16,2^6)  as 
a mixture  (analysis  by  refractive  index),  b.p,  60-70°  (80  mm,),  (b)  3-methyl- 
3,5-dinltroheptane  (3.49  g.,  0.0171  mole,  22,8^),  b.p.  96-98°  ^,3  mm.), 

1.4594,  and  (c)  a brown  residue  (2.4  g.). 

Procedure  4.  The  experiment  was  conducted  as  above  (Procedure  l) 
except  the  2-nitro-l-butene  solution  was  added  to  the  lithium  borohydride 
(0,06  g.,  0,0375  mole)  in  50  minutes.  During  addition  the  reaction  mixture 
was  kept  at  -50  to  -55°^  after  addition  was  completed  the  mixture  was  stirred 
for  15  min,  at  -55°»  The  combined  ether  extract  was  also  washed  with 
saturated  sodium  bisulfite  solution  (3  x 200  ml.,  5 minutes  with  each  portion). 
Distillation  of  the  product  gave;  (a)  2-nltro-l-butene  (0,78  g.,  0.0077  mole, 
5.13^)  and  2-nitrobutans  (3»72  g.,  0,0361  mole.  24^)  as  a mixture  (analysis 
by  refractive  index),  b.p,  63-70°  (80  mm.),  (b)  5-methyl-3^5-'iinitroheptBne 
(0.83  g.,  0,00432  mole,  5.76^),  b.p,  89-91,5°  (1.2  mm,),  n|®  1.4503,  and 
(c)  a black  residue  (0.5  g.). 

28.  HEDI^ION  OF  2-NITR0-2.-BUTENE  WITH  SODIUM  TRIMgrHOXYDOROHYDRIDE; 

2-HITROBUrANE . 37U-DiflZTOfl-  2 . 4-DIWITROHEXAHE . 

Procedure  1.  A solution  of  2-nitro-2-butene  (15»2  g.,  0,15  mole)  in 
ethyl  ether  (25  al.)  was  added  dropwise  in  65  minutee  to  a stirred  suspension 
of  sodium  trlmethoxyborohydride  (28,8  g,,  O.15  mole,  +50^  excess)  in  ethyl 
ether  (15O  ml.)  and  tetrahydrofuran  (50  ml.).  During  addition  the  reaction 
mixture  was  kept  at  -70°j  after  addition  was  completed  the  mixture  was  stirred 
for  35  minutes  at  -70°,  The  mixture  was  then  warmed  to  ca,  -20°;  suddenly  a 
grey  precipitate  separated  and  the  temperature  rose  to  ca.  -t-  20°.  The 
mlxt\ire  was  cooled  to  0°  and  ^acidified  in  1,5  hours  at  0°  with  urea-acetic 
acid  solution  (lOO  ml.).  The  mixture  was  transferred  to  a separatory 
funnel  and  saturated  with  sodium  chloride;  the  aqueous  layer  was  separated 
and  extracted  with  ethyl  ether  (100  ml.).  The  combined  ether  extract  was 
washed  with  satTurated  sodium  bicarbonate  solution  (2  x 2C0  ml.)  and  dried  over 
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anhjr&rous  sodium  sulfate.  The  sodlxim  sulfate  removed  hy  filtration; 
distillation  gave:  (l)  2-nltrobutane  (9.^9  g.j  0.09>9  mole,  62.6^)  as  a 
colorless  liquid,  b.p.  70-75°  (80  mn.),  n|®  1.4038-1.4057,  d|g  0,9674; 
MBp  (calcd.)  26.33,  MRj)  (found)  26.13;  llt.^5  ^.p.  l40®,  d|§  0.968, 
1;403^,  (2)  3,*!“ii=cth7l-C,4-dliiitroLc*ouo  (1.T4  k.,  0.00C5  mole, 
11.4^t)  as  a green  liquid,  b.p.  111-112°  (I.3  mm.),  n|0  1.4642-1.4647,  and 
(3)  a residue  (0,6  g,). 


An  Infrared  spectrum  of  the  2-nltrobutane  (sandwich  cell)  contained  a 
strong  band  for  the  mononltro  (6.4  microns)  group  and  no  bands  for  a carbonyl 
group  (5>7  microns),  a mononltro  group  attached  to  an  unsaturated  carbon 
atom  (6.5  microns)  or  a carbon-carbon  double  bond  (6.0  microns). 

The  structure  of  2-ritrobutane  was  proven  by  Its  conversion  to  methyl 
ethyl  ketone  via  the  Nef  reaction  followed  by  preparation  of  methyl  ethyl 
ketone  2 .4-ainltrophenylhydra2one . m.p.  115-116.5°.  The  melting  point  of 
the  derivative  was  net  depressed  when  mixed  with  an  authentic  sample. 

Fraction  2 was  redli^tllled  twice  to  give  3,4-dlmethyl-2,4-dlnltrohexane 
as  a .light  yellow  liquid  In  only  slightly  lower  yield,  b.p.  78-80°  (O.l  mn.), 
20  2O 

1***^57,  dgQ  1.126;  MRp  (calcd.)  50. 61;  MRjj  (found)  50.20.  Its  Infrared 
analysis  Indicated  the  presence  of  an  aliphatic  mononltro  group  (6.4  microns). 

Anal.  Calcd.  for  CeHieN204:  C,  47. 05;  H,  7.90;  N,  13.70. 

Found;  C,  47.01,  47.17;  H,  7.8l,  8.00; 

N,  13.82,  13.66. 

Procedure  2.  The  experiment  was  conducted  as  previously  except  the 
sodium  trlmethoxyborohydrlde  was  suspended  In  200  ml.  of  ethyl  ether.  The 
same  rapid  rise  in  temperature  was  noted  when  the  reaction  mixture  was 
warmed  to  -30°.  Distillation  of  the  product  gave:  (a)  2-nltro-2 -butene 
(3.19  g.,  0,0316  mole,  21^)  and  2-nltrobutane  (9.72  g,,  0.0942  mole; 

62,8^)  as  a mixture  (analysis  by  refractive  index),  b.p,  72.5-78°  ^60  0®,), 
and  (b)  a residue  (0.5  g.). 

Procedure  3.  The  experiment  was  conducted  as  previously  (Procedure  l) 
except  the  sodium  trlmethoxyborohydrlde  was  suspended  In  200  ml.  of  ethyl 
ether.  The  olefin  was  added  In  75  minutes  and, after  addition  was  completed, 
the  mixture  was  stirred  for  125  minutes.  The  same  rapid  temperature  rise 
was  noted  when  the  reaction  mixture  was  warmed  to  -30°,  Distillation  of 
the  product  gave:  (a)  2-nltro-2-butene  (2.55  g.,  0,0251  mole,  l6,7^t) 
and  2-nltrobutane  (9.56  g.,  O.0928  mole,  6l,9^)  as  a mixture  (analysis  by 
refractive  Index),  b.p.  72-8C°  (80  mm.),  and  (b)  a residue  (0,6  g.). 

29.  PSDQCTIGN  OF  affiGA-yiTBCSTYHEHE  SODim  TRIMETHOXYBOBOHYDRIDE; 

ipifiTB0j:2::PHSH?ijcTHA^; 

A solution  of  omega-nltrostyrene  (l4.o  g.,  O.l  mole)  In  ethyl  ether 
(50  ml.)  and  tetrahydrofuran  (50  ml.)  was  added  dropwlse  In  95  minutes  to  a 
stirred  suspension  of  sodium  trlmethoxyborohydrlde  (19.2  g.,  0.1  mole  + 50^& 
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ezcoas)  in  etbji  etlutr  al.)  and  tet^hydrofuran  (2^  ml.).  During 
addltlcD  the  mixture  vaa  kept  at  -40  * 2°j  after  addition  vas  completed  the 
mixture  vaa  stirred  for  25  mlnutae  at  -40®.  The  mixture  was  then  acidified 
In  40  minutes  belov  0°  with  uraa-acetlc  acid  solution  (70  ml.^  aqueous 
solution/ 2.78  molal  In  urea  and  acetic  acid).  The  mixture  vas  saturated 
vix^'n  sodium  cnioriae:  the  aqueous  layer  vas  separated  and  extracted  with 
ethyl  ether  (100  ml.).  The  combined  ether  extract  vas  washed  vlth  saturated 
sodium  bicarbonate  solution  (2  x 150  ml.}.  A solid  (A)  began  to  separate 
In  the  ether  phase)  the  solid  (A)  vas  centrifuged/  filtered  and  dried  to 
give  a mllky-vhlta  material  (2.96  g,),  m.p.  255°  (dec.X  as  yet  unidentified. 
After  drying  the  ether  layer  over  anhydrous  sodium  sulfate  and  removal  of 
the  solvents  on  a steam  bath,  distillation  gave:  l»nltro-2-»phenylethane 
(5.85  g./  0.0386  mole/  38.6^)  as  a colorless  liquid/  b.p.  75-74.5°  (0.5  mm.)/ 

1.5266-1.5273,  d|g  1.1314;  MRp  (calcd.)  41.37,  MIL  (found),  4l.08j 
lit.TT  b.p.  128-135°  U4  mm.);  llt.l?  b.p.  249-251*  (763  oa.);  llt.^T  125-135° 
(1  mm.)/  and  (2)  a distillation  residue  (5  g.).  The  Infrared  spectrum  of 
l-nltro-2-phenylethane  (sandwich  cell)  contained  bands  for  a mononltro 
group  (6.35  microns)  and  a mono-substltuted  benzene  ring  (13.3  sQd  l4.3 
microns) . 

Solid  A Is  Insoluble  In  ether,  Skellysolves,  benzene,  methanol, 
ethanol,  water,  carbon  tetrachloride,  chloroform,  acetone,  and  acetic 
acid  at  their  boiling  points.  Its  Infrared  spectnun  In  Nujol  exhibits 
strong  bands  for  a mononltro  group  (6.4  microns)  and  a mono-substltuted 
benzene  ring  (13.6  and  14,55  microns).  Oxidation  of  the  solid  with  alkaline 
sodlm  permanganate  gave  benzoic  acid.  The  solid  dissolves  in  warm 
ethanollc  sodium  hydroxide  to  yield  a dark  red  solution;  however,  under 
conditions  of  the  Nef  ree.cxlon,  the  reaction  mixture  did  not  yield  a 
derivative  when  treated  vlth  2,4-dinltrophenylhydrazlne,  Analysis  of  the 
solid,  presumably  one  of  the  racemic  pairs  of  the  structure;  2,4-dlphenyl- 
1,3-dinltrobutane  gave  the  following: 

Anal.  Caicd.  for  CieHiaNsO*;  C,  63.99;  H,  5-57?  N,  9-35. 

Found:  C,  63.90,  63.83;  H,  5.22,  5.15; 

»,  9.55,  9.24. 

The  distillation  residue  (5  g.)  crystallized  to  a pasty,  amber  solid; 
the  residue  was  than  dissolved  in  boiling  ethanol  A v'nlte  ecilld  (B) 
separated  from  the  ethanol  solution  on  cooling;  rccry^ttTlliz?'xr6n  from  hot 
ethanol  gave  1. 3-dlnltrc- 2 ,4-dlphenylbutane  (3.57  g.,  C.0118  m-J.e;  23.6%) 
as  white  plates,  m.p,  120,5-121.00,  its  infrared  npectiun  (02  rolar  In 
Chloroform)  contained  bands  for  a mononltro  group  (4,0  microns J and  a 
mono-substltuted  benzene  ring  (l4.4  microns). 

Anal.  Caicd.  for  CioHieKsOHt  63.99;  H,  5.37;  K,  9-35. 

Found:  C,  63.90,  63.85;  H,  5.22,  5.13; 

K,  9.53,  9.24. 
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3-OINITRO-2  .Jf-DIPHEKYIBUTASE . 


A solution  of  cmega-nitroetyrene  (2.98  g.,  0,02  mol«)  in  ethyl  ether 
(20  Bl.)  vas  added  dropvlse  In  30  minutee  to  a solution  of  l-nltro-2- 
ytieuyie-c.hane(5,WE;  g.,  0,02  mole)  and  Triton  B (1  ml.)  in  ethyl  ether 
(20  b1«)  and  netbanol  (3  nl,«  enough  to  make  the  reaction  mixture 
bOBOgeneous) . During  addition  the  mixture  vas  kept  at  0°;  after  addition 
was  completed  the  nirture  was  stirred  at  5°  for  1*5  hours.  The  mixture 
was  acidified  with  2 N hydrochloric  acid  (3  ml,).  During  reaction  a white 
solid  farmed;  this  solid  (2.71  g.)  was  filtered  and  air  dried.  The  filtrate 
was' saved. 


The  white  solid  isolated  is  Insoluble  in  all  comnon  organic  solvents. 

Its  salting  point,  ca.  233-260°,  is  not  depressed  when  it  is  mixed  with  a 
sample  of  substance  A isolated  from  reduction  of  omega>nitrcstyrene  with 
sodium  trlmethoxybor'ohydrlde.  It  is  tentatively  assumed  that  this  product 
is  of  the  structure:  l,3-dlnltro-2,4-dlphenylbutane. 

The  filtrate  that  had  been  saved  was  reduced  to  a volume  of  3-4  ml. 
and  then  dissolved  in  ethyl  ether  (30  ml.).  The  ether  solution  was  washed 
with  saturated  sodium  bicarbonate  solution  (50  ml.)  and  dried  over  anhydrous 
sodium  sulfate.  After  removal  cf  the  sodium  sulfate  by  filtration  and 
removal  of  the  solvent  on  a steam  bath,  distillation  gave:(L)  l-nltro-2- 
phenylethane(l,62  g,,  0,0107  mole,  55. 51^  recovery),  b.p.  84-85°  (1.2  am.), 
n^°  1,5270;  and  (2)  a residue  (l,5  g.). 

The  unidentified  white  solid  isolated  in  this  reaction  is  insoluble 
in  all  common  organic  solvents , The  melting  point,  ca,  255-260°,  is  not 
depressed  when  mixed  with  a sample  of  the  unidentified  white  solid  isolated 
in  the  reaction  of  sodium  trlmethoxyborohydrlde  with  omegap-nitrc Ji;,Tene . 

31.  PREPARATION  OF  4-NITB0-3^BEPTEHE. 

(a)  4-Hitro-3-Heptanol . Propanal  (ll6,2  g.,  2 moles)  was  added  at 
30-35°  in  ca.  one  hour  to  a solution  of  l-nitrobutane  (106.2  g.,  2 moles) 
in  95$  ethanol  (200  ml.)  and  10  N sodium  hydroxide  (4  ml.).  When  approximately 
two  thirds  of  the  aldehyde  had  been  added,  additional  10  N sodium  hydroxide 
(4  ml.)  in  water  (15  ml.)  vab  added.  After  48  hours  the  mixture  vas 
neutralized  with  2 N hydrochloric  acid.  After  removal  of  all  unreacted 
material  and  solvents  on  a steam  bath  and  under  vacuum,  distillation  gave: 
4-DltTO-3-heptanol  (248.3  g.,  1.54  moles,  77$)  as  a greenish-yellow  llc^uld, 
t.p.  ^.8-83,3°  (0.7  mm.),  ngO  1.L4 60-1.4474.  Redistillation  of  the 
compound  gave  a pure,  light  yellow  product,  b.p,  71-71.5°  (0.5  mm.), 

n|°  1.4475,  d|§  1.0324;  MEj)  (calcd.)  41.79,  MRjj  (found)  41.76. 

Anal.  Caicd.  for  C7H15NO3:  C.  52.15;  H,  9.38;  N,  8.69. 

Found:  C,  52.62,  52.73;  H,  9.42,  9.4l; 

N,  8.45,  8.53. 

CONFIDENTIAL 
SECURITY  INFORMATION 


> 

} 


\ 


■i* 

4 

I 


1 

r 

i 

* 


% 


CONFIDENTIAL 

SECURITY  INFORMATION  „ 

An  infrared  spectrum  of  U-nitro-3*‘heptanol  (saodvlch  cell^  contained 
'bands  for  the  sononitro  (6.4  microns)  and  hydroxyl  (2.9  microns)  groups. 

(b)  3-Acatoxy-4»N itroheptane . Acetic  anhydride  (129  ml.,  1.2  moles  + 
excess)  vas  added  droptrise  in  80  minutes  at  40-50®  to  4-nitro-3-hentanol 
(19^.4  g.,  1.2  moies)  containing  sulfuric  acid  (1  ml.).  After  addition 
vas  completed,  the  mixture  vas  stirred  for  2 hours.  The  mixture  -was 
diluted  vith  ethyl  ether  (200  ml.),  washed  with  water  (2  x 100  ml.), 
neutralized  with  sodium  bicarbonate,  washed  with  saturated  sodium  bi- 
carbonate solution  (2  r 200  ml.),  washed  with  sodium  chloride  solution 
(lOO  ml.)  and  dried  over  anhydrous  sodium  sulfate.  After  removal  of  the 
sodium  sulfate  by  filtration  and  removal  of  the  solvents  on  a steam  bath, 
distillation  gave:  3-acetoxy-4-nitroheptane  (2l6.9  g.,  1.07  moles,  89^) 
as  a light  yellow  llq^uid,  b.p.  75.5-79®  (1  nan.),  1.4559-1.4562. 
Bedlstlllatlon  of  the  compound  gave  a very  pure,  colorless  product, 
b.p.  69®  (0.1  mm.),  njo  1.4552,  d|§  1.0409;  MBp  (calcd.)  51.12,  MRd  (found) 
50.97. 


Anal.  Caicd.  for  C9HitN04:  C,  55.19;  H,  8.45;  N,  6.89. 

Pound:  C,  55.52;  55.21;  H,  8.27,  8.58; 

N,  6.86,  6.90. 

An  infrared  spectrum  of  5-acetoxy-4-oltroheptane  (sandwich  cell) 
Contained  bands  for  carbonyl  (5.7  microns),  mononitro(6<,4  microns),  and 
acetate  (8.1  microns)  groups. 

(c)  4-Nitro-5-Hent.-ina . 3-Acetoxy-4-nitroheptane  (151.5  g./  O.65  mole) 
and  sodliaa  acetate  (6.0  gT)  were  heated  at  115°  (12  mm.)  in  a modified 
Claioen  flask  equipped  with  a 20  cm.  'Plgreux  column  with  downward  condenser 
and  iced  receiver;  the  reaction  product  distilled  at  75-85°  (12  mm).  The 
distillate  in  ethyl  ether  (500  ml.)  was  washed  with  saturated  sodium 
bicarbonate  solution  (2  x 200  ml.)  and  dried  over  anhydrous  sodium  sulfate. 
After  removal  of  the  sodium  sulfate  by  filtration  and  removal  of  the 
solvents  on  a steam  bath,  distillation  gave:  4-nitro-5-heptene  (67.6  g., 
0.473  mole,  72. 8^)  as  a light  green,  lachrymatory  liquid,  b.p,  70-70.6® 

b.2  ea.),  og°  1.4564-1.4585. 

An  infrared  spectriim  of  4-nltro-3-heptene  (sandwich  cell)  contained 
a strong  band  for  a nltro  group  attached  to  an  unsaturated  carbon  atom 
and  weak  'bands  for  a moncnltro  group  (6.4  microns)  attached  to  a saturated 
carbon  atom  and  for  a carbon-carbon  double  bond.  The  contaminant  is 
probably  4-nitro-2-heptene  produced  in  the  deacetylation  reaction. 

32.  INDUCTION  OP  4-WITB0-5-HEPTEKE  VITH  SODIIM  TRIMETHOPYBOROHYDBIDE; 
4-NITOOHEPT^F! 


Procedure  1.  A solution  of  4-nitrc=3=heptene  (15.75  g.,  0.11  mole) 
in  ethyl  other  (25  ml. ) was  added  dropvise  in  3 hours  to  a stirred  suspension 
of  sodium  trimethoxyborohydride  (21.11  g.,  0.11  mole,  plus  505^  excess) 
in  ethyl  other  (125  ml.)  and  tetrahydrofuran  (50  ml.;.  During  addition  the 
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react ioQ  mixture  vae  kept  at  0°  ± after  addition  vas  completed  the 
mixture  vae  stlzred  for  3 hours  at  0^,  The  mixture  vas  then  acidified 
belcw  0°  In  one  hour  vlth  urea«acetlc  acid  solution  (7^  ml.^  aqueous  solution, 
2.78  molal  In  urea  and  acetic  acid).  The  alxt;ure  vas  satiurated  vlth  sodivm 
chlorides  the  aq;ueous  layer  vas  separated  and  extracted  vlth  ethyl  ether 
flOO  ml  The  atuox  exirau-c  vas  vasbed  vlth  saturated  sodium 

bicarbonate  solution  (2  x iy>  ml.)  and  dried  over  anhydrous  sodium  sulfate. 
After  removal  of  sodium  sulfate  by  filtration  and  removal  ef  the  solvents 
on  a steam  bath,  distillation  gave:  (a)  U-nltrohentane  (6.80  g.,  O.O6O6 
mole.  55)t)  fis  s.  light  yellov  liquid,  b.p.  65-7^  (B.3  mm.),  ngO  1,4256- 
1.42o2j  (b)  a mlxture^gf  4-nltro-3-heptene  and  4-nltroheptane^(l.50  g.), 

b.p.  72°  (8,5  mm.),  njj  l,4350j  and  (c)  an  unidentified  product  (l.70  g.), 
b.p.  77-83°  (1.1  mm.),  1.4465-1.4499.  Tvo  redistlllatlons  of  the 

4-nltroheptane  gave  a Ysry  pure,  colorless  product  In  sll^tly  lover  yield, 
b.p.  70-71°  (9  mm.),  ng°  1.4224-1.4256,  dfS  0.9269;  MBj,  (calcd.)  40.27, 

MRd  (found)  39.92;  lit. ^8  b.p.  90°  (25  mm.),  1.4200,  dg5  0.919. 

An  Infrared  spectrum  of  the  4-nltroheptane  ( sandvlch  cell)  contained 
a strong  band  for  the  moncnltro  group  (6.4  microns).  An  infrared  spectrum 
of  the  unidentified  product  (sandvlch  cell)  contained  a strong  band  for 
the  mononltro  group  (6.4  microns)  and  veak  bands  for  a carbonyl  group 
(5-8  microns)  and  amino  group  (2.95  and  6.1  microns);  further  studies  of 
this  product  are  nov  In  progress. 

The  structure  of  4-tiltroheptane  vas  proven  by  Its  conversion  to 
4-heptanone  via  the  Kef 16  reaction  folloved  by  preparation  of  4-heptanone 
2 ,4-dlnltrophenylhydra2one  in  45^  overall  yield,  m.p.  74-75.5°.  The  “melting 
point  of  the  derivative  vas  not  depressed  vhen  mixed  vlth  an  authentic 
sample. 

Procedure  2.  The  experiment  vas  conducted  as  previously  except  the 
oltroolefln  vas  added  In  70  minutes  at  0°  and  the  mixture  vas  rtxrred  for 
50  minutes  at  0°.  Distillation  gave:  4-nitro-3-heptene  (4.89  E - 0.0342 
mole,  31^)  and  4-nltroheptane  (8.07  g./ 0.0555  mole,  50.5^)  ae  a olxxure, 
b.p.  67-80°  (9  mm.),  nr°  1,4215-1.4497.  The  reaction  time  In  this 
experiment  vas  too  shoin  to  effect  complete  reduction. 

Procedure  3.  The  experiment  vas  conducted  as  previously  except  the 
nltroo7efln  vas  added  In  70  minutes  at  -40°  and  the  mixture  vas  stirred 
it  -40°  for  30  minutes.  Distillation  gave:  4-nitro-3-heptene  (4,58  g,, 

0.0306  mole,  27.9%)  and  4-nltroheptane  (6.48  g,.  0,0446  mole,  40,5?6) 

aa  a mixture,  b.p.  69-81°  (9  mm.),  1.4259-1.4570.  The  reaction  time  In 

this  experiment  vas  too  short  for  complete  reduction. 

53.  REDUOTION  OF  4-KITB0-3-HBPTENE  WITH  UTHIIM  BOPOHYTHIDB  t 4-KI7B0HEFrAKE. 

ProCgdv.re  1.  A solution  of  4-nltro-5-hepte ne  (15.75  g.,  0,11  mole)  In 
ethyl  ether  (25  ml.)  vas  added  dropvlse  in  4 hours  to  a stlrro  d susx'ension 
ef  lithium  borohydrlde  (I.18  g,,  0.055  mole)  In  ethyl  ether  (125  ml.) 
and  tetrahydrofuran  (25  ml.).  During  addition  the  reaction  mixture  vas 
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kopt  at-  -65  to  -70®j  after  addition  was  ooopleted  the  mixture  vas  stirred 
for  4 hgura  at  -65  to  -70^#  The  mixture  was  then  acidified  In  45  minutes 
belcw  0 with  urea-acetic  acid  solution  (lOO  ml.,  aqueous  solution, 2. 78 
molal  In  urea  and  In  acetic  acid).  The  mixture  van  saturated  wlth^ sodium 
chlorldex  the  aqueous  layer  was  separated  and  extracted  with  ethyl  ether 
(100  ml.).  The  combined  ether  ^2  vcshou  with  saturated  sodium 

solution  (2  X 150  ml.)  and  dried  over  anhydrous  sodium  sulfate. 
After  removal  of  the  sodlxan  sulfate  by  filtration  and  removal  of  the 
solvents  on  a steam  bath,  distillation  gave:  (a)  a mixture  of  4-nltroheptane 
and  4-nltro-5-heptene  (12.16  g.)  as  a light  yellow  liquid,  b.p,  69,5-71,3° 

(8-8,2  mm.).  Dp  1 4217-1.4319;  and  (b)  a light  yellow  liquid  (1.55  g.), 
b,p.  53-75  (1  mm,),  Up  1.4450-1.4520,  as  yet  unidentified.  The  mixture 
of  4-nltro-3-heptene  and  4-nltroheptane  was  purified  upon  solution  In 
ethyl  ether  (lOO  ml.)  by  extraction  with  saturated  sodium  bisulfite 
solution  ( 3 X 75  nil#^  5 minutes  vlth  each  portion)  j the  ether  layer  was 
then  dried  over  anhydrous  sodium  sulfate.  After  removal  of  the  sodium 
sulfate  by  filtration  and  removal  of  the  solvents  on  a steam  bath,  distillation 
gave:  4-nltroheptane  (10.39  g.,  0.0715  mole,  6%),  ng®  1.4223-1.4254, 

d|g  0.9249;  MRp  (calcd.)  40.27,  MRp  (found)  39.99;  llt.\8  b.p.  90°  (25  mm.), 

055  1.4200,  d^’5  0.919. 


An  Infrared  spectriam  of  the  4-nitroheptane  (sandwich  cell)  contained 
a band  for  the  mononltro  g-rcup  (6,4  microns).  Infrared  spectra  of  the 
high  boiling  product  (br  collected  In  4 fractions)  showed  the  p'^'esence  of 
a mononltro  group  (6.4  mi-:^rons),  a nltro  group  attached  to  a carbon  atom 
of  a Carbon-Carbon  double  bond  (6,5  microns),  a carbonyl  group  (5>7  microns) 
and  possibly  an  amino  group  (3.0  and  6,2  microns);  further  characterization 
of  this  material  is  yet  to  be  effected. 


Procedure  2.  The  experiment  was  conducted  as  previously  except  the 
nltroolefln  was  added  In  3.5  hours  at  0°  and  then  the  mlsLure  vn-’  stirred 
at  0 for  2 hours.  Distillation  gave:  (a)  crude  h-nltrobepwr^  (6.57  g 
mole,  44.7%)  as  a colorless  liquid,  b.p.  68.8-?l0  (8.1-6. b oji), 
n§°  1.4250-1.4273;  (b)  an  unidentified  liquid  (2.5  g,),  b.p,  71-75° 

(4.1-5.2  m.),  n§°  1.4419-1.4478;  and  (c)  an  unidentified  liquid  (1,0  g,), 

b.p.  60-64°  (0.2-0.3  mm.),  n20  1.4492-1.4507. 

An  Infrared  spectrum  of  the  4-nitroheptane  (sandwich  cell)  contained  a 
strong  band  fOT  the  mononltro  group  (6.4  microns).  An  infrared  spectrum 
o^  prolnct  (b)  conwined  a ver*  weak  band  for  a mononltro  group  (6,4  microns) 
and  a medium  strong  band  for  a hydroxyl  group.  An  Infrared  spectrum  of 
product  (c)  contained  a band  for  an  amino  group  (3.1  and  6.2  microns),  but 
no  band  for  a mononltro  group  (6.4  microns).  On  the  basis  of  infrared 
results  It  Is  suggestec.  that  product  (b)  is  dl-n-propy]^hydroxylamlne  and 
that  product  (c)  is  4-amlnoheptane;  further  studies  of  this  system  are  now 
xd  progress. 
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54.  REDDCTKMf  OF 
BOTOTYMOUE: 


-TOlCHLOBO-l>NITROPROPEa<E  WITH  SODILM  TRIMEmoXT" 


A Boluti.on  of  3»3»3-trlchloro-l-nltropropene  (15.20  g,,  0,08  mole) 
in  ethyl  ether  (25  ml.;  y-s  iddcd  in  (V  mlnutee  to  a stirred 

Buspenaion  of  eodiua  trimethoxyhorohydride  (15.3  g./  0.08  mole  + 501^ 

•zceea)  in  ethyl  ether  (125  ml.)  and  tetrahydrofuran  (50  ml.).  During 
addition  the  reaction  mixture  was  kept  at  -40°  ± 2°;  af^er  addition  vaa 
completed  the  mixture  vas  atirred  for  30  minutes  at  -40  . The  mixture  vas 
then  acidified  in  45  minutes  below  0°  with  urea-acetlc  acid  solution  (50  ml., 
aqueous  solution^ 2. 78  molal  in  urea  and  acetic  acid).  The  mixture  vaa 
saturated  with  sodium  chloride;  the  aqueous  layer  was  separated  and  extracted 
with  ethyl  ether  (100  ml.).  The  combined  ether  extract  was  washed  with 
saturated  sodium  bicarbonate  solution  (2  x 150  ml.)  and  dried  over  an'nydrous 
sodium  sulfate.  After  removal  of  the  sodium  sulfate  by  filtration  and 
removal  of  the  solvents  on  a steam  bath, the  mixture  vas  set  in  a refrigerator 
for  3 days.  A crystalline  solid  separated  from  the  reaction  mixture  during 
this  period.  The  solid  vas  filtered  and  vaahed  with  methanol  (5  ml.};  the 
methanol  washings  vare  concentrated  using  a steam  bath.  The  oily  residue 
was  placed  in  a refrigerator  and  allowed  to  crystallize.  By  repeating 
the  previously  described  procedure,  three  crops  of  a crystalline  solid 
wore  obtained!  (l)  2^58  g.,  m.p.  150-151°;  (2)  1.33  g.,  m.p.  149-150°;  and 
(5)  0.62  g.,  m.p.  149-150°. 

The  filtrates  from  the  above  crystallizations  were  distilled  (l) 
and  gave:  l.l^l-trichloro-3-nitropropane  (6.77  g.,  0.0354  mole,  Uh,2^} 
as  a Colorless  liquid,  b.p.  91-92°  (9  S. ),  ng°  1.4886-1,4900,  Redl at illation 
of  the  product  gave  a material  of  analytical  purity,  b.p,  70-71.3°  (5  nm.), 
ngO  1.4899,  d^o  1.5547;  MRd  (calcd.)  56.15,  MBp  (found)  36.25. 

Anal.  Caicd.  for  C3H4C13K02!  C,  18. 72;  H,  2.10;  N,  7.28. 

Found:  C,  19ai,  19.10;  H,  2.13,  2.30; 

N,  7.11,  7.14. 

The  residue  (2.3  g.)  from  the  initial  distillation  (l)  of  1,1,1— 
trichloro- >nltropropane  was  dissolved  in  hot  methanol  (10  ml,);  the 
mixture  was  then  cooled  in  a refrigerator  and  gave  an  additional  crop 
(4;  0,38  g.)  of  the  white  crystalline  solid,  m.p,  147-148°,  The  crops  of 
solids  were  combined  and  recrystallized  twice  from  hot  carbon tstrachlorlde 
to  give  a product  identified  as  1^1  .l-trlcbiero-^  t5-dinitror-4-<trlchIoro>- 
methyipehtace (4.0  g,,  0,01285  moie,  a .white  . . 

m.p,  x>0-.151'^. 

Anal.  Caicd.  for  CsSeClsNaO*:  C,  18. 82;  H,  I.58;  N,  7.32. 

Found:  C,  l8.79,  l8.?6;  H,  1.72,  1.71; 

N,  7.50,  7.26. 
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The  infrared  spectrum  of  l,l,l-trichloro-5-nltropropane  (sandwich 
cell)  contained  strong  bands  for  a mononitro  group  (6.55  microns),  a 
" trichlorooethyl  group  (12. 5 ttlcrons)and  a carheo-ehlorine  tond  (lU.4 

microns).  The  infrared  spectrum  of  l,i,l-trichloro-^,5H!tiQlttbjJM;rlcfjioro- 
metbylnehtane  (0.2  molar  in  c>iiorfi?r>riii)  ^ “tronij  oanu?  lor  a 

mononitro  group  (6,55  microns)  and  a trlchloromethyl  group  (12,4  microns). 

55 . BTOOCnON  07  ’i.5.5-TRlCHLORQ-l-RITBOPaOFEtrE  WITH  LITHICM  BOROEYORIDE; 

1 .1.  l^TRlfcHIOKO- VNI'fB0li'0PA»S . 

Procqdvire  1.  A solution  of  5#3>3-trlchloro-l-nltropropene  (50.4  g., 

0,l6  mole)  in  ethyl  ether  (50  ml.)  was  added  dropwise  in  5*5  hours  to  a 
stirred  suspension  of  lithium  horohydride  (1.74  g.,  0.08  mole)  in  ethyl 
ether  (250  ml.)  and  tetrahydrofuran  (50  ml,).  During  addition  the  reaction 
mixture  waa  kept  at  -70°  + 20j  after  addition  was  completed, the  mixture 
was  stirred  for  5.5  hours  at  -70®,  The  mixture  was  then  acidified  below  0® 
in  one  hour  with  urea-acetic  acid  solution  (150  ml.,  aqueous  solutlo% 

2.78  mola]^ in  urea  and  acetic  acid).  The  mixture  was  saturated  with  sodium 
chloride;  the  aqueous  layer  was  extracted  with  ethyl  ether  (2  x 100  ml,). 

The  combined  ether  extract  was  washed  with  saturated  sodium  bicarbonate, dried  with 
sodium  sulfate.  After  removal  of  the  sodium  sulfate  by  filtration  and 
removal  of  the  solvents  on  a steam  beth,  distillation  gave:  l.l.l--trichloro- 
5-nltropropane  (26.09  g.,  O.156  mole,  85lt)  as  a colorless  liquid, 
b'. p.,6.6. V-6'fc.3'^ .1-2.5  mm.),  ngO  1.4905-1.4910. 

An  Infrared  spectrum  of  the  5,3,5-trlchloro-l-nitropropane  (sandwich 
cell)  contained  strong  bands  for  a mononitro  group  (6.55  microns),  a 
trlchloromethyl  group  (l2.5  microns)  and  a carbon-chlorine  bond  (l4,4  microns). 

Procedure  2.  The  experiment  was  conducted  as  previously  except  one- 
half  of  all  materlnls  was  used,  and  the  5,5,3-trlchloro-l-nitropropene  was 
added  in  5.5  hours  at  -4C°  and  then  stirred  for  2 hoxirs  at  -40°,  Distillation 
gave:  1.1. l-tr ichl or o- 5~aitr opropa ne  (7.58„g./  O.0586  mole,  48,5^)  as  a 
colorless  liquid,  b.p.  67-68°  (2,5  mm.),  n^°  1.4914-1,4959.  Redlst illation 
gave  a very  pure  product,  b.p.  67-67.7°  (2.5  mm.),  np®  1.4905,  d|3  1.5375; 

MRD  (calcd.)  36.13#  MRd  (found)  56.22. 

56.  REDUCTIOH  OF  5. 5. 3-TRlCHLOBO-l-NI'roCPROPSHE  WITH  LITHIUM  ALIMINIM 

H^IDE ! 1.1 .1-TRICHLORO-  5 -WITROPROPAHE  . 

solution  of  573#3-trlchloro-l-nltropropene  (19.0  g,,  0.1  mole)  in 
ethyl  ether  (25  ml.)  was  added  dlropwlse  in  5«5  hours  to  a suspension  of 
lithium  aluminum  hydride  (l.O  g.,  0,025  mole,  plus  5^  excess)  in  ethyl 
ether  (l25  ml.)  and  tetrahydrofuran  (25  ml.).  During  addition  the  reaction 
mixture  was  kept  at  -70®;  after  addition  was  coopl«ted  the  mixture  was 
stirred  for  5»5  hours  at  -70®.  The  mixture  was  acidified  in  45  minutes  belOk’ 

0°  with  urea-acetic  acid  solution  (50  ml.,  0.278  molal  in  urea  and  in  acetic 
acid).  The  mlxtiare  was  saturated  with  sodium  chloride;  the  aqueous  layer 
waa  separated  and  extracted  with  ethyl  ether  (lOO  ml.).  The  ccablned 
ether  extract  was  washed  with  saturated  sodium  bicarbonate  (2  x 150  ml.)  and 
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dried  over  anhydrous  sodium  sulfate.  After  removel  of  the  sodium  sulfate 
by  filtration  and  removal  of  the  solvents  on  a steam  bath,  distillation 
gave:  1,1, l-trichloro-3-nltropropane  and  3.3.'^-trlrhioT*r._i_»;itrcprcv:cno 
ao  a mixxure  g.),  b.p.  61-68“  (2.3  mm.),  n^^l. 4929-1. 50 34.  The 

above  mixture  in  ethyl  ether  (150  ml.)  was  washed  with  saturated  st)dium 
bisulfite  solution  (3  x 150  ml.,  5 mintttes  with  each  portion)  and  dried 
over  anhydrous  sodium  sulfate.  After  removal  of  the  sodixim  sulfate  by 
filtration  end  removal  of  the  solvents  on  a steam  bath,  distillation  gave 
l.ltl-trichloro-^nltropropane  (Q.^3  g.>  0.0438  mole,  4-3.8^)  as  a colorless 
li«iuid,  b.p.  65-66.5®  (S.?  ffltn.),  ng®  1.4911-1.4923,  d^g  1.5375; 

MRjj  (calcd.)  36.13;  MRj)  (found)  36.28. 

37.  K3)UCTI0N  OF  5.5.6.6.7.7.7-HEPEAFLlXmO-3-WITRO-3-HEPTEKE  WITB  SODIW 

TRIMETH0ZTB0R0H7DRIDE  t 1.1. 1.2.2. 3. 3-HBPTAFUJOBO-5-in:TROHEPTA«E  ; 

5. 5.^. 6.7.7. 7-HKPTAPLlPBO-  3-HEFEANOHE . 

A solution  of  5,5,6,6,7,7,7-heptafluoro-3-nitro-3-heptene  (l5.34  g., 

0.057  mole)  in  ethyl  ethar  (25  ml.)  was  added  dropwise  in  2 hovurs  to  a 
stirred  suspension  of  sodium  trimethoxyborohydride  (10.94  g.,  0.057  mole 
+ 50^  excess)  in  ethyl  ether  (l25  ml.)  and  tetrahydrofuran  (25  ml.). 

During  addition  the  reaction  mixture  was  kept  at  -60  to  -65°;  after 
addition  was  completed  the  mixture  was  stirred  for  1 hour  at  -60  to  -65°. 

The  mixture  was  then  acidified  in  45  minutes  below  0®  with  urea-acetic 
acid  solution  (75  ml.,  aqueous  solution,  2.78  molal  in  urea  and  acetic 
acid).  The  mixture  was  saturated  with  sodium  chloride;  the  aqueous  layer 
was  separated  and  extracted  with  ethyl  ether  (lOO  ml.).  The  combined 
ether  extract  was  washed  with  saturated  sodium  bicarbonate  solution 
(2  X 150  ml.)  and  dried  over  anhydrous  sodium  sulfate.  After  removal 
of  the  sodium  sulf«ite  by  filtration,  distillation  gave,  after  removal 
of  the  solvent,  1 . 1 ,1 ,2 .2 , 3. 3-heptaf luoro-5-nitroheptane  (l4.07  g., 

0.OT2  mole,  91%)  as  a colorless  liquid,  b.p.  (23-25  mm,), 

1.3485-1.3491,  d|8  1.4286;  llt.l^  b.p.  60°  (9  mm.),  n|0  1.5493.  The 
Infrared  spectrum  of "l,l,l,2.2,3,3-heptafluoro-5-nitroheptane  (sandwich 
cell)  contained  stxong  bands  for  the  mononltro  group  (6.55  microns)  and 
for  carbon-fluorine  bonds  (8.O-8.5  microns). 

A solution  of  l,l,l,2,2,3,3-heptafluoro-5-nitroheptane  (l  g.,  O.OO369 
mole)  in  methanol  (lO  ml.)  was  added  to  a solution  of  sodium  hydroxide 
(0.4  g.,  O.Ol  mole)  in  water  (lO  ml.)  and  kept  at  0®  for  18  hours.  This 
solution  was  added  dropwise  at  0®  to  concentrated  sulfuric  acid  (2.5  ml.) 
in  water  (l2  ml.);  a solution  of  2,4-dinitrophenylhydrazine  was  added. 

An  oil  separated  and  was  crystallized  from  hot  ethanol;  four  recrystallizatioos 
from  hot  ethanol  gave  5.5.6.6.7|7.7-heptafluoro-3-heptanone  2,4-dlcltro- 
phenylhydrazeue  (0.71  g.,  O.OO185  mole,  50%)  as  orange  needles,  m.p.  123-124®. 

Anal.  Calcd.  for  Ci2FrHnN404:  C,  37.15>  H,  2.64;  N,  13.33. 

Found:  C,  37.75,  37.62;  H,  2.99,  2.85; 

N,  13.51,  15.56. 
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38.  BUngCnON  07  5.3.6.o.7^7.7-HEPrAriJKgK)>3-HITR0"3-BgPTEHE  VOTO  LITHIUM 
BOTOffliiRibKt  l^^l^a.2.^.^-HmAmroR0^HiTB(MEPIVU»E^  5, ^,6,6,7, 7, 
HEPTAFLlXaK)-VHCTT/^HE  2.^-PmTt«)P^hHYimZ0WE. 


A aoltitloQ  of  5-‘5. fi.fi; 7;7;7“^??t“flv:crc=5-=itrc-3-li5pteua  (13.3^  > 

0.057  mole)  In  ethyl  ether  (25  ml.)  vae  added  dropwlae  In  4 hours  to  a 
stirred  suapinslon  of  lithium  horohydrlde  (0,62  g,,  0.0285  mole)  In  ethyl 
ether  (125  ml.)  and  tetrahydlrofuran  (50  ml.).  During  addition  the  reaction 
mixture  vaa  kept  at  >60^  t 2^}  after  addition*  vaa  completed  the  mixture 
vaa  stirred  for  k hours  at  -60°,  nxe  mixture  vas  acidified  In  minutes 
below  0^  with  urea-acetic  acid  solution  (75  ml. ^ an  aqueous  solutlon,2.78 
molal  In  urea  and  acetic  acid) . The  mixture  vae  saturated  with  sodium 
ehlorldet  the  aqueous  layer  was  separated  and  extracted  with  ethyl  ether 
(100  ml.).  The  combined  ether  extract  vas  washed  with  saturated  sodium 
bicarbonate  solution  (2  x 150  ml.)  and  dried  over  anhydrous  sodium  sulfate. 
After  removal  of  the  sodltim  sulfate  by  filtration  and  removal  of  the 

i -heptaf  luoro-^ 
I^ld,  b.p,  79“ 

b.p,  60*'  (9  mm.), 

1.3493. 


An  Infrared  spectr\im  of  the  I,l,l,2,2,3,3-heptafluoro-5»nltroheptane 
(sandwich  cell)  contained  strong  bands  for  the  mononltro  group  (6.35  microns) 
and  carbon-fluorine  bonds  (8.0-6. 5 microns). 


A solution  of  l,l,l;2,2,3,3“beptafluoro-5-nltroheptane  (l  g,,  0,00369 
mole)  In  methanol  (lO  ml.)  vas  added  to  a solution  of  sodium  hydroxide 
(0,4  g,,  0,01  mole)  In  water  (lO  ml.)  and  kept  at  0<>  for  18  hours.  This 
solution  vas  added  dropvlae  at  0°  to  concentrated  sulfuric  acid  (2,5  ml.) 
In  water  (l2  ml,)j  a solution  of  2,4-dlnltrophenylhydraalno  vas  then 
added.  An  oil  separated  which  vae  crystaliisied  from  hot  ethanol;  four 
recryatalllzatlons  gave  5,5.6.6.7.7,7-hep^fluoro-3-heptanone  2,4-dlnltro- 
Phenylhydra zone  (0,85  g.,  0.00216  mole,  ^.51^)  as  orange  needles,  m.p. 
123-124®,  The  melting  point  vae  not  depressed  when  mixed  with  a sample 
prepared  In  the  previous  experiment. 


39.  HEDUCnOH  OF  5.5.6.6.7.7.7-HEPIArLUDBO-3-irE!PK)-3-HEPrENE  WITH  UTHIIM 

AimiWUM  HYDRIDE;  1.1,1.2.2.^  .^-HEPTAyDDOBO-S-BITROHEPTAlIE. 

A solution  of  5,5,6,6,7,7,7-heptafluoro-3-nltro-3-heptene  (15.54  g,, 
0,057  mole)  In  ethyl  ether  (25  ml.)  vas  added  dropwlse  In  3 hours  to  a 
stirred  suspension  of  lithium  aluminum  hydride  (O.65  g.,  O.OI625  mole  -t- 
20^  excess)  In  ethyl  ether  (125  ml.)  and  tetrahydrofuran  (25  ml.).  During 
addition  the  mixture  vae  kept  at  -65  to  -70®;  after  addition  was  completed 
the  mixture  was  stirred  at  -60  to  -70°  for  5,5  hours.  The  mixture  vae  then 
acidified  In  55  minutes  below  0°  with  varea-acetlc  acid  solution  (35  ml., 
aqueous  solution, 2,78  molal  In  urea  and  In  acetic  acid).  The  mixture  vaa 
saturated  with  sodium  chloride;  the  aqueous  layer  vas  separated  and 
extracted  with  ethyl  ether  (lOO  ml.).  The  combined  ether  extract  vas 
vaahed  with  saturated  sodium  bicarbonate  solution  (2  x 150  ml.)  and  dried 
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orer  enhydroue  aodlun  sulfate*  Filtratioo,  removal  of  solvents jon  ^ 
steam  "bath,  and  distillation  gave:  1.1.1, 2. 2. 3 .5-heptafluoro-5~nltroheptac3 
(13.17  B*t  0.04t56  mole,  85,5^)  as  a colorless  liquid,  b.p.  76.5-70.7° 

(23  mm.),  ng®  1.3490-1.3497,  d|°  1.4277;  llt.lO  b.p.  6o°  (9  00.), 

w 1.3493. 


An  Infrared  spectrum  of  the  l,l,l,2,2,3,3-heptafluoro-5-nltroheptane 
(sandwich  cell)  contained  strong  hands  for  the  oononltro  group  (6.33 
microns)  and  the  carbon-fluorine  bond  (8. 0-8. 6 microns). 


ATTB4P.TED  HETEBOGEKBOUS  BEDUCTIOK  OF  5.5, 
RITR0-3-HEPTEBE  WITH  SODIIM  BOBCmDBIDE. 


r-HEPTAFLUOBO-! 


A solution  of  5#5#6,6,7,7/7-heptafluoro-3-nltro-3-heptene  (6.72  g., 
0,®25  mole)  In  ethyl  ether  (20  ml.)  was  added  dropwlse  In  3 hours  to  a 
suspension  of  sodium  borohydrlde  (0.47  g.,  0.0123  mole)  In  ethyl  ether 
(65  ml.)  and  tetrahydrofuran  (20  ml.).  Daring  acdition  the  reaction 
mixture  was  hent  at  -65°;  after  addition  vas  e-jopleted  the  mixture  was 
stirred  at  -65®  for  3.5  hours.  The  mixture  was  then  acidified  in  20  minutes 
belcnr  0°  with  urea-acetic  acid  solution  (25  ml.,  aqueous  solution, 2.78 
molal  In  urea  and  In  acetic  acid).  The  mixture  vas  saturated  with  sodium 
Chloride;  the  aqueous  layer  was  separated  and  extracted  with  ethyl  ether 
(50  ml.).  The  ether  extracts  were  combined  and  washed  with  saturated 
sodium  bicarbonate  solution  (2  x 100  ml.)  and  dried  over  anhydrous  sodium 
sulfate.  After  removal  of  the  sodium  sulfate  by  filtration  end  removal 
of  the  solvents  on  a steam  bath,  distillation  gave:  5>5,6,5,7/7,7-hepta- 
fluoro-3-nltro-3-heptene  (5.38  g.,  80^  recovery),  the  initial  olefin,  as  a 
light  green  liquid,  b.p.  77-78°  (79  mm.),  n^°  1.3590-1.3597.  The  physical 
constants  of  the  Initial  material,  5>5/6,6.7,7>7-heptafluoro-3-nltro-3- 
heptene,  are:  b.p.  78.5-79.5°  (75  ™.),  1.3596. 


4l. 


BEDUCTIOH  OF  4. 


RO-2-NITBO-2-HEXENE  WITH  SODIIM 


A solution  of  5/5,6,6,7,Y/ ('-hpptafluoro-2-nitro-2-hexene  (7.50  g., 
0.0294  mole)  In  ethyl  ether  (25  ml.)  was  added  dropwlse  In  2 hours  to  a 
stirred  suspension  of  sodium  trlmethoxyborohydride  (5.76  g.,  0.0294  mole 
+ 50^t  excess)  In  ethyl  ether  (75  ml.)  and  tetrahydrofuran  (25  ml.). 

During  addition  the  reaction  mixture  was  kept  at  -65  to  -70°;  after  addition 
was  completed  the  mlxtiire  vas  stirred  for  one  hour  at  -65  to  -70°.  The 
mixture  was  then  acidified  In  30  minutes  below  0°  with  urea-acetic  acid 
solution  (25  ml.,  aqueous  solutlon,2.78  molal  In  urea  and  acetic  acid). 

The  mixture  vas  saturated  with  sodium  chloride;  the  aqueous  layer  was 
separated  and  extracted  with  ethyl  ether  (lOO  ml.).  The  combined  ether 
extract  was  washed  with  saturated  sodium  bicarbonate  solution  (2  x 75  ml.) 
and  dried  over  anhydrous  sodium  sulfate.  After  removal  of  the  sodium 
sulfate  by  filtration  and  removal  of  the  solvents  on  a steam  bath, 
distiliation  gave:  l,1^1^2>2,3,3-heptafluoro-5-nltrohexane  (6.34  g., 

0,0247  mole,  oU-^)  as  o oolorless  liquid,  b.p,  77-78.8°  (39-40  mm,), 

1.3405-1.3409,  d|g  1.4861;  lit. 10  b.p.  64°  (23  mm.),  n§°  1.5412.  An 
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Infrr .ed  ap«ctrum  of  the.l,l,l,2,2,3,3-heptafluoro-n-nltrohexane  contained 
a strong  band  for  the  nononitro  group  (6.35  microns)  and  for  carbon- 
fluorine  bonds  (0.O-0.iv  microns). 

42.  HEDTlCrrnw  py  t*^>.5.5.6.6.£-IISI”AriJCSG-2-aIISO-2-aMj!JU!;  WITH  LriBIUH 

BOBOHYDRIDE;  1.1.1.2.2.3.^-HEPTA?LUDR0-3-in:TB0HI3^HC 

A ablution  of  4,4,5>5>6,6,6-heptafluoro-2-nitro-2-bexene  (7.50  g., 
0.0294^  mole)  in  ethyl  ether  (25  ml.)  was  added  dropwise  in  4 hours  to  a 
stirred  suspension  of  lithium  borohydride  (0.33  e*>  0.015  mole)  in  ethyl 
ether  (75  ml.)  and  tetrahydrofuran  (25  ml.).  During  addition  the  reaction 
mixture  was  kept  at  -65°  t 2°;  after  addition  was  completed  the  mixture 
was  stirred  for  4 hours  at  -65  to  -70®.  The  mixture  was  then  acidified 
in  30  minutes  below  0®  with  urea-acetic  acid  solution  (35  ml.,  aqueous 
solution,2.78  molal  in  urea  and  acetic  acid).  The  mixture  was  saturated 
with  sodium  chloride:  the  aqueous  layer  was  separated  and  extracted  with 
ethyl  ether  ( 100  ml.).  The  combined  ether  extract  was  washed  with  saturated 
sodium  bicarbonate  solution  (2  x 100  ml.)  and  dried  over-  anhydrous  sodiun 
sulfate.  After  removal  of  the  sodium  sulfate  by  filtration  and  removal 
of  the  solvents  on  a steam  bath,  distillation  gave:  1,1,1,2,2,3,3-nepta- 
fluoro-5''nltrohexane  (6,64  g,,  0,0250  mole,  07,01^)  as  a colorless  liquid, 
b.p.  76.5-n.50  (38  mm.),  ng®  1.3^^05-1.5ia0,  d|g  1.486lj  lit.^^^  b.p,  64° 

(23  mm.),  ng®  1.3^12.  An  infrared  spectrum  of  the  1,1,1,2,2,3,3-heptafluoro- 
5-nitrohexane  contained  a strong  band  for  a mononitro  group  (6.35  microns) 
and  fbr  carbon-fluorine  bonds  (0.2  microns). 

43.  BEDUCnON  07  D-ARAB0-TETRAACBT0^1-NITB0HEXEWE:  l-NITPO-1.2- 

DIDESQXY-D-ABABO-HEXITOL  l^rt<AACETATE . 

A solution  of  D-arobo-tetragcetoxy-l-nitro- 1-hexene  (l.Ol  g., 

O;OO20  mcls)  in  absolute  ethanol  (lO  ml.)  was  added  dropwise  in  45  minutes 
to  a stirred  suspension  of  sodium  borohydride  (0.12  g,,  0,0014  mole)  in 
absolute  ethanol  (lO  ml.).  During  addition  the  mixture  was  kept  at  0o« 
after  addition  was  completed  the  mixture  was  stirred  for  2 hours  at  0°, 

The  mlxtxure  was  then  acidified  below  0°  in  10  minutes  with  urea-acetic 
acid  solution  (3  ml,,  0,270  molal  in  acetic  acid  and  in  urea).  The  reaction 
mixture  was  reduced  to  a volume  of  about  5 ml.  on  a steam  bath  and  under 
vacuum.  This  mixture  was  taken  up  in  ethyl  ether  (40  ml,),  washed  with 
saturated  sodium  bicarbonate  solution  (2  x 15  ml.)  and  dried  over  anhydrous 
sodium  sulfate.  After  removal  of  the  sodivmi  sulfate  by  filtration  and 
removal  of  all  but  2-3  ml.  of  solvent,  l-oitro-l,2-dideeoxy-D-arabo- 
hexltol  tetraacetate  (0,65  g.,  0,00179  mole,  6^,y^)  crysTAilized  as  a white 
solid,  m.p.  02-64°,  One  recrystallization  from  absolute  ether  gave  only 
a slightly  lower  yield  of  highly  pure  product,  m.p.  115-116°;  lit .^9 
m.p.  115-116°. 
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Acldress 


Copies 


Address 


Copies 


CcOTTiCndlng  General  2 Commanding  General  1 

Aberdeen  Proving  (Trovuid  Wright-patterson  Air  Force  Base 

ibnYiend  D<ayton,  Ohio 

Attn:  ha  His  tic  Research  Labs.  Attn:  'XIEH-3 

ORDBG-BLI 

Aerojet  Engineering  Corp  2 

P.O.  Box  296 
Azusa,  California 
Attn:  Dr.  . I.  Antonio 


Dept,  of  the  Army  2 

Office,  Chief  of  Ordnance 
'•Jaaningten  25  > D.  C* 

Attn:  OP.DrU 


Decb-  of  the  Army  2 

C.'ix'jo,  Chief  0 C Ordnance 
•iashirgbon,  25j  D G. 

Attn:  ORDfX-AR 

Officer. in  Charge  1 

Office,  ordiiunce  Research 
2127  Ktyrtle  Drive 
Duka  University 
Durham,  North  Carolina 

Commanding  Officer  2 

ricatinny  .Arsenal 
Dover,  Hevr  Jersey 
Attn : Library 

Commanding  Officer  2 

Redstone  Arsenal 
Huntsville,  Alabama 
Attn:  ORC  Technical  Library 

Dept,  of  the  Mr  Force  1 
Hq’.  USAF,  DCS/d 
lAashington  25,  D.  C. 

Attn:  ;d'‘DRD-.AC-3 

Col,  Paul  V.  May 


.'.Hegany  Ballistic?  Laboratcryl 
f.O.  Pox  2:  '> 

Cur-.berland,  Maryland 
Attn:  Di‘.  L.  G.  Bonner 

Armotir  Research  Foundation  of  1 
Illinois  Institute  of  Technology 
Technology  Center 
Chicago  16,  Illinois 
Attn:  Dr.  L.  V.  Griffis 

U.  S.  Bureau  of  Mines  2 

I48OO  Forbes  Street 
i ittsbui'ch  13,  Fa. 

Attn:  Dr.  Bernard  Lewis 

Catholic  University  of  America  1 
7th  St.  and  Michigan  Ave,  H.S. 
Washington  17,  D.  C. 

Attn:  Dr,  F.  0.  Rice 

E.I.  du  Pont  de  Nemours  and  co.  1 
10th  and  iJarke  Streets 
V/ilmington,  Delaware 
Attn:  V/.  F.  Jackson 


Commanding  General 


Dr.  A.  I'i.  Ball  1 

Hercules  Experiment  Station 
'.'.'ilmington,  Delaware 

Wripht-Patterson  Air  Force  Base 

Dayton,  Ohio  Jet  Prcpulsloii  Laboratory  2 

Attn:  XEGH-2  U-UO  Oak  Grove  Drive 

Pasadena  3>  California 
^ ^ Dr.,juouis  G.  Dvinn 
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The  H*W.  Kellogg  Company  1 
Ft.  of  Canforth  Avenue 
Jersey  City,  Hew  Jersey 
Attnt  Sanuel  Balg 

Special  Projects  Dept. 


Purdue  University 
Dept,  of  Chemistry 
Lafayette,  Indiana 
Attn;  Dr.  Henry  Feuer 


Arthur  D.  Little,  Inc. 
30  Memorial  Drive 
Cambridge  h2,  Macs. 
Attn:  Dr.  C.S.  Ksevil 


Rohm  and  Haas  Company 
5000  Richmond  Street 
Philadelphia  37,  Pa. 
Attn:  Dr.  J.F.  Kincaid 


Arthur  D.  Little,  Inc. 
30  1-femorial  Drive 
Cambridge  1*2,  Mass. 
Attn*  Dr.  W.C.  Lothroo 


Rohm  and  Haas  Company 
Redstone  Arsenal  Research  Div. 
HunttJvilJLe,  Alabama 
Attn:  Dr.  Clajrton  Huggett 


The  Glenn  L.  Martin  Co. 
Baltimore  3j  Maryland 
Attn:  Mr.  S.P.  Gualillo 


Midvrcst  Research  Institute 
Uol*9  Pennsylvania 
Kansas  City,  Missouri 
Attn;  W.  iSierman  Gillam 


Solid  Propellant  Information 

Agency 

Applied  Physics  Laboratory 
The  Johns  Hopkins  University 
Silver  firing,  Maryland 
Attn:  Ross  H.  Petty 


University  of  Minnesota  1 
Oak  Street  Labor&tories 
2013  University  Ave. 
Minneapolin , Miimesota 
Attn:  Prof,  D.L.  Crawford, Jr. 


Standard  Oil  Company 
Research  Department 
P.O.  Box  1*31 
Whiting,  Indiana 
Attn;  Dr,  W.H,  Bahlke 


National  Fireworks  Ordnance 
Corp.  1 

West  Hanovei,  Mass. 

Attn;  Mr.  S.J.  Porter 


Thiokol  Corporation 
Redsto.ic  Arsenal 
Huntsville,  Alabama 
Attn:  Hr,  W.R.  Ignatius 


Thiokol  Corporation 


Phillips  Pc+rjleum  Company  1 
Bartie  SV3  Hr , Okla. 

Attn:  lir.  J.P.  Alden 


780  N.  Clinton  Ave, 
Trertor.  7;  Htw  Jersey 


Project  Squid 
Princeton  UniTOrnity 
Princeton,  New  Jersey 
Attn:  Librarian 


Thiokol  Corporation 
Research  and  DGve?.opment  Dept. 
760  H.  Clinton  ^vs. 

Trenton  7,  dew  .Jersey 
Attn,  Mr.  E.li.  Fettes 
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U,  S.  Rubber  Con?)any 
General.  Laboratories 
Market  and  South  Streets 
Passaic,  New  Jersey 
Attn:  Dr.  P.O.  Tawney 


Westei-ii  Cartrid<re  Company 
East  Alton,  Illinois 
Attn;  i-tr,  R.L.  Woner 


Brltialh  Joint  Services  Mission 
via  Depairtaent  of  the  Navy  u 
Bureau  of  Aerotoutics 
Washington  25,  G. *D. 

Attnj^  Aerl2-3' 


Dept,  of  the  !'avy 
Eui'c  aa  of  Aeronautics 
V/asbington  2?,  D.C. 
Attn;  SI-? 


Dept,  of  tho  I'avy  1 

Ruroau  of  Ordnance 
Washington  25,  D.C. 

Attn;  Ad3,  Toclinical  Library 


Dopt.  of  the  Davy 
Bureau  of  Ordnance 
Washington  25,  D.C. 
Attn;  Section  Re2d 


ComaanJer 

U.3.  Naval  Air  Mi.ssile 
Test  Center 

Point  M.ugu,  California 
Atta:  Technical  Library 


Conim;.mdi  ng  Officer 
U.S.  Naval.  Air  Rocket 
Test  Gtr-tion 
I.iiko  Denmark 
Dover,  New  Jersey 
Attn;  Tt cbnlcal  Library 
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Comnanding  Officer  2 

U.S.  Naval  Powder  Factory 
Indl.an  Head,  Maryland 
Attn:  Research  and  Development  Dept. 


Commander 

U.S.  Naval  Proving  Ground 
Dahigren,  Virginia 
Attn;  Ms  I.  DLvision 


Commander 

U.S.  Naval  Ordnance  Laboratory 
Vihite  Oak 

Silver  Spring,  Maryland 
Attn;  Library 


Commander  3 
U.S.  Naval  Ordnance  Test  Station 
Inyokem,  Chir\a  Lake,  Calif. 

Attn;  Technical  Libraiy  Branch 


Dept,  of  the  Navy 
Office  of  Naval  Research 
V/ashington  25,  D.C. 

Attn;  Code  U29 


Commanding  Officer 
Office  of  Naval  Research 
Branch  Office 
8hU  North  Rush  Street 
Chicago  11,  Illinois 
Attn;  LTJG.  ^l.C.  Laug 


Commanding  Officer 
Office  of  Naval  Research 
1030  E.  Green  Street 
Pasadona  1,  California 


Dr.  E.R.  Biichman  1 

Califomia  Institute  of  Technology 
Pasadena,  California 
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Address  Conies 

Bureau  of  Aeronautics  Rep.  1 
1 5 Soxith  Raymond  Ave . 
pjBsadena  1,  California 

a*vpns  Research  and  Develop-  1 
Rent  Corporation 
250  Eaet  43rd  St. 

K=w  York  17,  K.Y. 

Actn:  Dr.  E.  J.  Hewitt 

Conmercial  Solvents  Corp.  1 

ferre  Haute,  Indiana 
ilttn:  Dr.  Jerome  Martin 

Ethyl  Corporation  1 

l60O  West  Eight  Mile  Road 
Eerndale  20,  Detroit,  Mich. 

Attn;  Dr.  Roy  Siogimoto 

Comander  1 

ha-val  Ordnance  Laboratory 
V’h.ite  Oali,  Silver  Spring,  Md. 
Attn:  D.  V.  Sidonan 

Hercules  Experiment  Station  1 

He  rcules  Powder  Company 
Wil:ni-'gton  f9,  Delaware 
E.  W.  Lawrence 

Dr  . VJillia'\  naa;er  1 

Department  of  Cl.enistry 
George  Wabhi.ngton  University 
Washington,  D.  C. 

Dr..  N.  L.  D^’ake  1 

Department  of  Chemistry 
Unive'OBity  of  Maryland 
Coilege  Par!;,  Maryland 


Address  Copie 

Chief,  Bureau  of  Aeronautics  2 

Department  of  the  Navy 
Washington  25,  D.  C. 

Attn:  TD-4 

Dr.  Elizabeth  F.  Riley  1 

Dept,  of  Chemistry 
Ohio  State  University 
Columbus  ID.  Ohio 

Prof.  M.  L.  V.’olfrom  1 

Dept,  of  Chemistry 
Ohio  State  University 
Columbus  10,  Ohio 

Dr-  Joseph  W.  Lang  1 

Director  of  Research 
General  Aniline  and  Film  Corp. 
Central  Pesearch  Laboratory 
Lincoln  >And  Coal  Streets 
Eartcn,  Pennsylvania 

Naugatuck  Chemical  1 

Naugatuck,  Connecticut 
Attn:  Mr.  F.  J.  Foster 

Department  of  the  Navy  1 

Bu'eau  of  Ordnance 
Washington  25,  D.  C. 

Attn:  Re 2c,  I.  L.  Brownyard 
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